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cnocoB yflAPHoro c>katm5i beujiectba. 

yCTPOMCTBO PJ]5^ EVO OCymECTBJlEHMJI M 
nJlA3MEHHbll?l KATOfl p;]9i TAKOrO VCTPOClCTBA 

06nacmb mexHUKU 

H3o5peTeHMe othocmtch: 

K TexHonoruM yflapHoro oKarwH KOHAeHCMpoeaHHoro (>KMflKoro i/ijim, mto npeflnoMTHTenb- 
Ho, TBepfloro) BemecTBa flo ceepxnnoTHoro cocTOflHUfl, npn KOTopoM Moryr nporeKaxb hmkhoh- 
flepHbie npoueccbi m MHepiiManbHbm repMO^^AepHbiii CMHtes (flanee MTC), m 

K KOHCTpyKUMM yCTpOMCTB A^H 66 OCyU4eCTBneHM5R Ha OCHOBe pen^lTMBMCTCKMX BBKyywiHbix 

AMOAOB (Aanee PBfl), sKfiJOMa^i nnasMeHHbie KaroAbi a^^^ hux. 

3x8 TexHonorM5i npeAnasHaMeHa npewMyiyecTBeHHo flxi^ rpaHCMyraLiMM fiAep aroMOB 
OAHMx xMMMMecKHX ansMeHTOB B «Apa flpyrwx XMMHwecKnx aneMBHTOB c qB/ibio: 

OKcnepmweHTanbHoro nojiyMeHUJi npsMMymecTBeHHo cTa6MnbHbix naoronoB xiAMmeomx 
aneMBHTOB. BKntoMa^ cmhtbs CTa5MJibHbix TpaHcypaHHAoa, m 

nepepa6oTKM paAnoafanBHbix otxoaob, coA6p>Kau4MX Ao^ro>KMByiiiMe naoTonbi, b wiaxe- 
pnartbi, coAep>KaiAMe KopoTKOKMBymwe craennbHbie naoTonbi, mto ocoSeHHo Ba)KHo a^^^ 
A63aJcrMBai4MM OTpaSoraHHbix mctohhmkob raMMa-M3JiyMeHi/ifi, HanpuMep Ha ocHoae paAMoaK- 

TMBHblX M30TOnOB KOSanbTa, KOTOpbie lilMpOKO npMMSHHJOT B npOMblliineHHOCTM M MSAMUMHe. 

B nepcneKTMBe ora rexHonorn^i mokst cny>KMTb a^^i nonyMBHUfi aHBpmn nyrewi MTC c 
McnoJibsoBaHneM npeAnoMTi/iTBJibHO TsepAWX MMiueHeR. 

npMMBHMTBJlbHO K U306pemeHUIO 3AeCb M A^HBB o6o3HaM6Hbi: 

TBpMMHOM «MUUJeHb» - OAHOKpaTHO MCnOJlbSyBMa^l AJ1« yAapHOrO OKaTMfl A03a no WIBHb- 
LUBfii M6pB OAHOrO np0M3B0nbH0r0 M30TOna no MBHbliieK MOpe OAHOrO XMMMMBCKOrO onBMeHTa, 

KOTopbiM cny>KiiT cbipbSM A^H noxiyMBHwyi npoAyKTOB flA6pHbix npBoSpasoBaHwCi M, no >KBna- 
HMK), nepBMMHbiM 3HBproHocMTen6M A^fl nojiyMBHMH OHeprMw; 

TepMMHOM «ydapHoe c)Kamue>y - wsosHTponwMecKOB MMnynbCHoe AewcTBue cawiocjDOKycM- 
pyioiABi^cH cxoA^iLUeMCsi sonHbt nnoTHOCTi/i Ha no MeHbLuew wiepe nacTb MMiueHw; 

TBpwiMHOM «ceepxnnomHoe cocmomue» - TaKoe cocroflHwe no MBHbiUBi^ mbpb MacTW 
MMUJBHM nocriB yAapHoro OKarnfl, b KOTopoiw cyiABCTBeHHaa MacTb eS sBUiBCTBa np6o6pa3y6T- 
B aneicTpoHHo-HflepHyK) m ariBKipoHHO-HyKnoHHyio nna3My; 

TBPMMHOM «nuKHOfidepHbiQ npoLieccyy - tbkob (b MacTHOCTM, «xonoAH06») peKowSwHaLiM- 

OHHOe BSaMMOAeftCTBMB MB>KAy KOMnOHBHTaWM aJIBlCTpOHHO-^AepHOM M aJlBKipOHHO-HyKnOHHOM 

nna3Mbi OKaToro ao CBepxnnoTHoro cocroAHMfl BBLuecTsa mmlubhm, npw KOTopoM npowcxoAMT 

no MOHblUBft MBPB M3MBH6HM6 ariBMBHTHOPO COCTaBa MMUJBHM; 

TBPMMHOM «nna3MeHHbiu Kamod» - TaKa^ saMBHfiBMafl no mbpb MSHoca ocbcmmmbtpms- 
Ha« MacTb OTpMiiaTBTibHoro ajiBKTpoAa PBfl, KOTopaH cnoco6Ha b naMajiB pa3p5iAHoro Mwnynb- 
ca PBHBpMpoBaTb M3 MaTBpMana npMnoBBpxHocTHoro cnofl n/iaaMBHHyio oSonoMKy c 6nM3Ko£i k 




Hy/iK) pa6oTOM BbixoAa aneicrpoHOB, 

TepMMHOM naHod-KOHiieHmpamopyy - xaKa^i OAHOKpaxHO ncnonbsyeMayi ciweHHafl ocecMM- 
wieTpuiMHan MacTb aHOfla PBfl, KOTopan b npocTeiiujMX fleMOHcrpaMwoHHbix aKcnepuMeHxax Me- 
nmoM waroTOBneHa m3 npeAnoMTMxenbHO aneKxponpoeoflHoro b ochobhom wiacce wiaxepwana m 
HenocpeACXseHHO cny>Kiix MumeHbio, a npw McnonbsoaaHMM ycxpoy^cxsa fv^9\ npoMbiiijneHHbix 
Hy>KA i^Meex bma no MeHbuieCi Mepe oAHocno£iHo£i o6onoMKi/i i/i3 xagpAoro npoMHoro Maxepna/ia, 
BHyxpn KoxopoM xaiOKe ocecMMMexpwMHO c o6ecneMeHMeM aKycxMwecKoro KOHxaicra saKpenneHa 
BbiSpaHHan MMLiieHb; m 

xepwiMHOM «(poKafibHoe npocmpaHcmeoyy - xaKBH Macxb npocxpaHcxsa aaKyyiwHofi Kawe- 
pbi PBfl, Koxopa^i o6bgMHO oxeaxbiBaex onpeAeneHHbiW oxpeaoK o6iJLiefi reoMexpwMecKOM ocm 
cMMMexpMM aneiapoAOB PBfl m b KoxopoM npw oxcyxcxBMM npenJixcxBHw m npw saAaHHbix 3Ha- 
seHMfix nnoLLiaAM sMMXMpyjomei* nosepxHocxM nnasMeHHoro KaxoAa, aHepmn aneiorpoHOB m 
nnoxHOcxM xokb BcneACXBwe KonneicTMBHOM caMoc|DOKycMpoBKtfi penaxMBMCxcKMX aneicrpoHOB 
B03M0>KeH nnHM sneicrpoHHoro nyMKa. 

YpoeeHb mexHUKU 

TeopexMMecKM o6meM3BecxHO (cm., Hanpuwiep US Patent 4,401,618), mxo aha npoaeAe- 
HMfi ynpasnnewibix ^AepHbix peaKquft HeoSxoAWMo m AOCxaxoMHo: 

BO-nepBbix, ii3roxoBiixb MMiueHb M^KpocKontmecKoro o&h&Ma, Macca Koxopoi) o6bmHO 
cocxaBJiHex ox HecKonbKMx MUKporpaMMOB ro HecKOJibKt/ix Mi/innMrpaMMOB, 

Bo-Bxopbix, 3act)MKCMpoBaxb cc})opwiMpoBaHHyio MMoieHb B npocxpaHcxse, 

B-xpexbi/ix, KBK Mo^KHO 6onee paBHOMepHbiwi yAapHbiM OKaxwewi MMUjeHM bo bcSm eS 
oS-bSMe nepeBBcxti aeiMecxBO b CBepxnnoxHoe cocxonHne m, 

B-MexBepxbix, yAep>Kaxb aeuuecxBO MMuieHM b xaKOM cocxo5ihi4i/i Ha apeM^, AOCxaxoMHoe 
AHfl xpaHCMyxai4MM m/mjim cnM^HUfl ^^a^P axoMOB, mxo MO>Kex conpoBO>KAaxbCH BbiAe/ieHneM 
i/inui nomou(eHiieM aHepmti. 

CneAyex sawiexwxb, mxo yKa3aHHbie orpaHMMeHMH Maccbi Mi/iiueHM Ba>KHb! b ochobhom pji^ 
MTC, m6o 1 Mr ^emepm mjim CMecM A^MxepMH m xpuxwH no aHeproewKocxM aKBMBaneHxeH 
npuMepHO 20-30 kp xpMHUxpoxo/iyona. 

TeopexMMecKM xaioKe oemensBecxHo, mxo xpaHCMyxai^HH n/nnn cnnFiHue ^p,ep npoMcxo- 
AHX npaiawMecKM OAHOspeMeHHo c AocxM>KeHMeM ceepxnnoxHoro cooxo«hm51. floaxoMy ycmm 
cneqwanMcxoB b oSnacxn ^ia^Phom c|d!43Mkm ao cmx nop 6bmM HanpasneHbi wa cosABHwe KaK 
MO>KHO 5ojiee scjDcfDeKXMBHWX cnocoSoB M cpeACXB yAapHoro OKaxMR seoteoxBa. 

H, HaKOHeu, xaioKe xeopexuMecKn hoh^ixho: 

MXO xaKoe OKarne bo3mo>kho xonbKo npw reHepi/ipoBaHMH MOLUHoro MexaHMMecKoro mm- 
nynbca A^HTejibHocxbio nop^A^a HecKonbKMX AecfJXKOB HaHoceicyHA n c|)OKycMpoBaHMM axoro 
MMnynbca Ha cymecxBeHHOM Macxn (a b npeAene - Ha BceCi) noBepxHocxM MMOieHU, pacnono- 
>KeHHOM b HaAe>KH0 MsojinpoBaHHOM ox OKpy>KaK)iiieM cpeAbi o6-bgMe, 

MXO Anfl oxoro HeoSxoAMMbi rame cpeACXBa npocxpaHCXBeHHO-speMeHHoro OKaxwa noxo- 



Ka aHeprnM. ksk nepsuMKbiti mctomhmk SHepmn, no weHbrneM wepe oamh HaKonnrexib sHeprnn, 
no MBHbuieiA iwepe oamh npeoepaaoBarenb HaKon/ieHHoii aHeprnn b yAapHbiCi MexaHMwecKMCi 
MMnyjibc M MexaHMHecKMM yAapHHK Ann npaiai/mecKM naosHTponi/iMecKOM nepeAann sToro mm- 
nyjibca Ha MniueHb, i/i 

MTo Bonpoc o AocTaroHHOM Ha6ope xaKnx cpeAcrs m BaanMocenaeCi Me>KAy hmmm MOJKer 
6biTb peiueH no-pa3H0My a aaBucuMOCTi/i or qejiew aKcnepuweHTOB no yAapnowy oKaruK) se- 
, LMecTBa 0 tom orosopKoCi. hto npn noAKniOHeHMM k npoMbnuneHHoii cexn 3/ieKTpocHa5>KeHMyi 
nepsbiM, HO He eAMHCTseHHbiM HaKonnreneivi aHepmn oSbmno cjiyjKUT ycrpoficTBo na ocHose 
LC-Menn (cm., nanpniviep: c6opHMK CTareCi «ENERGY STORAGE COMPRESSION AND 
SWITCHING* edited by W.H. Bostlck. V. Nardy and O.S.F. Zucker, Plenum Press, New York 
and London mw ero pyccKMi;i nepesoA «HAKOnJlEHME M KOMMyTALlMfl SHEPrUM 
BOJlbUJMX nnOTHOCTEI?l».- MocKBa: «MMP», 1979). 

nonbiTKM peannaoBaTb yKaaaHHbie TeopeTuwecKne npeAnoJiojKenna na npaicrMKe Ao/irne 
roAbi SbixiM HanpasneHbi ro/ibKo na MTC. npowibiiu/ieHHoe ocsoeHMe Koroporo Kaaanocb Aocra- 
TOHHbiM ycnoBneM nepexoAa MenoseMecTBa b «3HepreTMMecKMii pafi». 

MweHHO noaroMy s KaqecTBe aicrMBHoro Bemecraa nepBOHanajibHO npuMeHflJin xonbKo 
ra3oo6pa3Hbie AeiiTepuM m/im AeMxepnii m Tpwrniii. a MumeHU naroTOBXiflnn b bmab repMerim- 
Hbix nojibix ccjjep, sanonHeHHbix wnKpocKonnMecKHMM (oko/io 0,1 iwr) nopMn^MM yKaaannbix m30- 
TonoB BOAopoAa. flanee na Ka>KAyto raKyra MniueHb cmhxpohho m pasHOMepno c iwinorux cropoH 
HanpaBJiHJiM nyMKM ojieicrpoMarHiiTHoro M3JiyMeHMH /lasepnoro Apawsepa. Harpes o5ojiomkm 
Bbi3biBa/i aSnamiio (MacTMWHoe ncnapeHne) eg BHeiUHefi Macrn. PacmnpeHne ncnapuBiuerocfl 
MarepMana nopo>KAano peaKxuBHwe cunbi. Koropwe Bbiabisann mwn/ioanK), to ecTb paaHowep- 
Hoe oKaTMe BHyrpeHHefi Hacru o6onoMKM i/i aiansHoro BemecTsa MMiueHu no HanpasneHmo k 
Menrpy cc|)epbi (cm., nanpuwep: 1. US Patent 4.401,618; 2. J. LIndl. Phys. of Plasmas. 1995; 3. 
K. Mima etal.. Fusion Energy, 1996, IAEA, Vienna, v.3, p.13, 1996). 

3Ta cxeMa MTC Ka3ajiacb 6e3ynpeMHOM. fleCicTBHTejibHo. Annre/ibHOCTb nMnyjibcos na- 
3epHoro ii3JiyMeHMji mo>kho AOBecTM ao BeriMHiiH OKono 1 hc. 3to o6ecneMMBaeT scjDctjeicrMBHoe 
BpeMeHHoe OKanie noroKa anepruM, a pesKoe yMeHbiueHne n/ioiMaAH noBepxHoorn MniueHM 
cny>KMT npeAHocbuiKoii ii pjvi npocrpaHCTBeHHoro oKarm aroro noroKa. 

K cojKaneHMK), K.n.A. nasepos ne npeBbiuiaer 5%, mto c caMoro Hanajia craBUJio noA co- 
MHeHne 3c|jcj3eKTMBHOCTb JiasepHoro ApaiiBepa c yMeroM KpurepMn JloycoHa (J.D. Lawson. Proc. 
Phys. Soc. B.70. 1957). flanee. CMHxpoHM3aMMfl BKnioHeHna JiaaepoB rpeeyex cjio>khom cucre- 
Mbi aBTOMarnHecKoro ynpaB/ieHnn. M, HaKoneu. a5ns^^m conpoBo>KAaeTCfl cyiyeCTBenHbiMM 
noxepflMM anepruM Ha Harpes o6ojiomkii m MMiueHM b ue/ioM. HoaxoMy ao cmx nop hmkto ne ao- 
Ben ra30o6pa3Hoe BeiqecxBO MnuieHU ao CBepxnnoxHoro cocxonnkw ia He nonyMnn nonojKn- 
xeiibHbii* BbixoA sHepniM, npesbiujaiomMfi eg saxpaxbi na MHHUMnpoBaHne MTC. 

M3BecxHbi nonbrrKw cosAaxb AaBneHMfi ii xeMnepaxypw. AocxaxoMHwe f^m nHnuMnpoBa- 
HMfl M npoxeKaHMJi MTC. aicycxMMecKMM ApaftaepoM. Koxopbifi Ao/DKen BbisbiBaxb KasMxaunio b 




KOHAeHci/ipoBaHHbix, B HacTHOCTM, «>KMAKMX», MMLueH5^x (US Patents 4.333,796; 5.858,104 m 
5,659.173). TaK, b Me>KAyHapoAHOM nydnmaum WO 01/39197 onucaHbi: 

(1) KaBMTaMMOHHbiM TepwioflAepHbift peaKTop, KOTopbiCi MMeer: 

no MeHbLuew wiepe oai^h mctomhmk wexaHHwecKMX ynbTpaaeyKOBbix KoneSaHi/iCi. 

npeAnoMTMTenbHO HecKOJibKO SByKonposoAOB, cnoco6Hbix nepeAasatb stm Kone6aHM5^ s 
peaoHaHCHOM pe>KMMe b aaMKHyrbiw od'hSM MMiueHM c ysejiMMeHweM nnoTHOCTi/i noxoKa 3Hep- 
rwM B pacHSre Ha eAUHMuy n/ioiuaAM, m 

cpeACTBO orSopa renna b bma® noAXOA^mero Tennoo5MeHHMKa; m 

(2) TaKOM cnoco6 Mcnojib30BaHi/iH onwcaHHoro peaicropa, KoropwCi npeAycMarpMBaex: 
naroTOBneHwe nnoxo npoBOA^iuinx ssyK MmueHeCi nyreM aanpeccoBKM TonnwBHoro wiare- 

pnana, HeoSxoAWMoro p,n9^ fiAepHoro CMHreaa. b HacTHOCTM, AewTepwAa TwraHa, mjim AewTepn- 
Aa ni/)TMH, MJiM AMASMTepnAa raAonnHMH m t.Am b TBepAyJo MaTpwqy m3 asyKonpoBOAHoro ryro- 
nnasKoro iweranna runa TuraHa, BonbcjDpaMa. raAonuHW^, ocmmh mtim MOJiM6AeHa. 

BBeA^Hne no MeHbiueCi Mepe oahom ranoM MarpuMbi c no MeHbiuefi wepe oahom TaKOM 
MMLueHbK) B aKycTMMecKMM KOHTaicT c no MeHbUjeCi Mepe OAHMM 3ByKonpoBOAOM, KOTopbiM noA- 
KnKDMSH K MCTOMHMKy ynbTpasByKOBbix MexaHMMecKMx KoneSaHUM. 

B03AeMCTBMe Ha TBKyK) MarpuLiy cepnew ynbrpassyKOBbix WMnynbcoB b pesonaHCHOM pe- 
>KMMe. KOTopoe. BcneACTBue npeo6pa30BaHMfi KMHeTunecKOM anepmn MexaHMHecKi/ix Kone5a- 
HMM B Tennory, BbisbiBaer MexaHox^MUHecKyto AecrpyKMUfo ABwrepnAOB n nceBAoo>KM>KeHMe 
Mi/imeHeft m, BcneACTBMe «McnapeHM5R» f\emepv\9\ m MmueHeCi, npaKTHMecKW oAHOBpeMeHHo 
B036y>KAaeT b «>kmakmx» MMOieH^x KaBurauMK), to ecxb noHBJieHne napoBbix nysbipbKOB m mx 
cxnonbiBaHne noA AaBJiewneM Marepnana Marpnubi, m 

aaBepmeHne npouecca nocne nporeKaHMf^ BHyrpn wtMiueHeM peaKquM ^AepHoro cMHteaa 
c BbiAeneHweM aneprnM. 

npuMeneHne TBepAwx (b mcxoahom cocto^ihmm) MULueHefi m ynbTpasayKOBbix wexaHMMe- 
CKMX MMnynbcoB pj}n v\x yAapHoro oKarm Ka>KeTcn secbMa npuBneKarenbHbiM. K co>KaneHMK), 
MCTOHHMKM ynbTpa3ByKa, KaK M na3epbi, nweioT He3HaMMTenbHbm K.n.A. Mano Toro, b oxnumie 

OT JiaSepOB 3TM MCTOMHMKM fl^BiOT BSCbMB ManyJO nJlOTHOCTb MOUIHOCTM B MMny/lbCe, MTO M Bbl- 

Hy>KAaeT BBOAMTb cucreMy «mctomhmk yjibTpa3ByKa - AewTepnAHa^i MMUjeHb» b pesonaHCHbiM 
pe>KMM. Oahbko m b 3TOM pe>KMMe ocHOBHa^ MacTb OHepruM saTpaMMBaercfl Ha narpea Mwiue- 
Hew M paccenBaercfl. FloaroMy yAapnoe oKarne Beu4ecTBa p^o cBepxnnoTHoro cocroHHUfl He 
6bmo AocTurHyro Aa>Ke npn A^nrejibHOM «HaKaMKe» aHeprwvi b MMiueHM. 

CooTBercTBeHHO. npo6neMa co3AaHM?i npaKTMMecKM 3c}Dct)eKTMBHbix cnoco6oB m cpeAcxB 
yAapHoro OKarm BemecTBa ao CBepxnnoTHoro cocrofiHUfl ocraeTCfi aicryanbHOM. 

riepcneiaMBHbiM hoaxoa k ee peiueHMio ocHoaaH na npuMeneHMM PBfl, KOTopwe M3BecT- 
Hbi c HBMana XX aeKa (cm., nanpuMep: 1, CD. Child, Phys. Rev., v.32, h.492, 1911; 2. 1. 
Langmuir, Phys. Rev., v.2, p.450, 1913). 

Ka>KAbiM PBA MMeer BaKyywHyto Kawepy, b KOTopoM 3aKpenneHbi KaxoA m anoA, noAKnio- 



HeHHbie K HaKonwreriK) aneKTpMHecKoro sapfiAa nepea MwinynbCHHw paapPAHMK. flpw flocTaroM- 
HO 6oxibUJOM sap^Ae M ManoJi AnwienbHOCTM paapPflHoro nMny/ibca raKi/ie AwoAbi cnoco6Hbi 
oSecneHMTb B3pbiBHyK) ommccmk) aneKrpoHOB c nosepxHocTW KaroAa m mx paaroH ao cyScBeTo- 
Bbix cKopocreM c K.n.A. 6o/iee 90%. 

MMeHHO B 3TOM KaMBCTBe reHepaTopoB M ycKopMTeJieM moluhbix aneiapoHHbix nyHKOB 
PBA 6h\nvi oS-beKTOM sHUiManm cjDnanKOB b xeMeHwe scero XX seKa, a MHoroMnc/ieHHbie yco- 

BeptUeHCTBOBaHMH KOHCTpyKlAMM TaKMX AMOAOB B HefiOM M. 0C06eHH0, KarOAOB f\n9\ HMX 6bmM 

HanpaBneHbi Ha npocrpaHCTeeHHO-BpeMeHHoe oKaxwe sHeprwM a aneidpoHHbix nywKax m npn- 
AaHne 3TMM nyHKaw Tpe6yeMOM npocTpaHCTseHHOM cjDopMbi. 

rionbiTKa co3AaTb cnoco6 yAapHoro OKarnH BeotecTBa b PBA c qenbK) MTC M3BecTHa m 
US Patent 3,892,970. 3tot cnoco6 BKnioMaej: 

MsroTOB/ieHMe MumeHU b bmab cuMMerpuMHofi KpynwHKM KOHAeHCwpoBaHHoro (b MacTHO- 
CTM. TBgpAoro) BeuLiecTBa, Koxopbiw cjiy>KMT 3aMopo>KeHHoe Ton/iMBO AHfi repMOHAepHoro cmh- 
Te3a (to ecTb pjemepv^iA mjim CMecb fi^emepm m tpmtmp), 

BO-BTopbix, noAany MUiuieHM b Me>K3neiapoAHbiJi npoMe)KyTOK PBfl, b KoropbiCi OTKpbix 
BbixoA cpeACTBa reHepi/ipoBaHii5i anoAHOM nnasMbi, m 

B-TpeTbMX. npaKTMMecKM CMHxpoHHoe BripbicKMBaHi/ie aHOAHoCi nnasMbi M MwinynbCHoe (ao 
10 Hc) KoribueBoe yAapHoe oKaxne Mvauem saKopamiBaHMeM Ha He& nepes anoAHyio nna3My 
MoaiHoro (nopi^AKa 100 TBt) roKa. HecyiMero snepruK) OKono 1 Mfl>K. 

OAHaKO xaKUM cnocoSoM BecbMa xpyAHO OKaxb aeiAecxBO MniueHM ao CBepxnnoxHoro 
COCX05RHM5? M yAep>Kaxb ero b hSm Ha BpeM5i, AocxaxoMHoe pji^ cnv\9\m^ Rp,ep axowioB c BWAe- 
jienneM 3HeprMM, m6o pasMepbi MHiueHM 5^bho MeHbiue f\n\AHh\ npo6era aneiapoHOB c sHeprneii 
OKono 1,5 MsB. HosxoMy KMHexMMecKaa sneprnji aneiapoHOB npaKxuMecKH MmoseHHo bo BoeM 
oOtSMe MMLueHM npeBpau4aexcyj b xennoByK) aHepmio m BbiawBaex oSteMHbifi xennoBOM Bspbia 
jiAepHoro xonnwBa. flanee, b MsaecxHOM cnoco6e Kpawne xpyAHo cnHxpoHnsMpoBaxb nonaAa- 
Hue GB060AH0 nexfiLuieM MMUieHi/i b uenxp KOJibueBoro KaxoAa PBfl c paap^AOM MCXOMHUKa 
aHeprwM \a cosAanweM nnocKoro rinaaMeHHoro anoAa. CooxaexcxBeHHO, cfDOKycupoBKa noxoKa 
aneKxpoHOB Ha MMLuenn M0>Kex 6bixb Aocxumyxa xojibKo cnywaMHo HecrAOTpji na perynwpoBa- 
Hwe Hanp«>KeHVia paspfiAa m nnoxHocxn anoAHoC^ nnasMW. 

MasecxHoe m3 xoro >Ke McxoMHUKa ycxpoMCXBO An« yAapHoro oKaxMfi aeiMecxBa na ocHoae 
PBfl MMeex cctDepuHecKyK) ocHameHHyK) xennoo6MeHHHKOM BaKyyMHyKD KaMepy c KananoM Ann 
noAaMM MMiueHefi, Asa cMMMexpMMHo pacnonoKeHHbrx oxHocnxenbHo LienxpanbHOM nnocKocxM 
BaKyywHoCi Kawiepbi Konbuesbix KaxoAa, AononnnxenbHoe ycxpowcxBo f[nf\ BnpbicKMBaHMfi 
nnasMbi. pacno/io>KeHHoe Me>KAy KaxoAawM m ct)opMMpyK)unee nnocKMM nnaaweHHbift aHOA ne- 
nocpeACXBeHHo nepeA paspHAOM nnxaHDinefi i\em. 

M, HaKOHeu, i/i3BecxHbiM m3 xoro >Ke wcxoMHMKa KaxoA nweex xoKoaeAyiAyw Macxb w cjDOKy- 

CUpytOUAMM HaKOHeMHMK, KOXOpblR BbinOHHeH B BMAe KOnbLta C OCXpOM KPOMKOM PJl^ yBejlMMGHMfi 

Ha Hew rpaAnenxa sneKxpuMecKoro noT\9\. Bo BpeM^i pasp^Aa KpoMKa xaKoro KaxoAa noKpwBa- 
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ercn coScTBeHHwivi cnoeu nnasMW. 

B TSKOM PBfl npaKTMHecKM HeB03M0)KHo nepeflaxb MumeHi/i saivieTHyK) flo/iio sHeprMi/i 
KOJibyeBoro a/ieiapoHHoro nyMKa. m6o oh yjKe b MoweHT cjjopMnpoBaHMH HaxoflHTcn Ha nopore 
nMHMa M HeycTOMMMB (oco6eHHo B coMeraHMM c ruia3MeHHbiM aHOAOM. napawerpbi KOToporo 
3aMeTH0 M3MeH«K)TCfl KaK B TeweHne Kajworo nMny/ibca. raK m ot HMny/ibca k mviny/ibcy). 

nooTOMy Ke/iarenbHO, HToSbi anoA 6bin rsepAbiM m /im5o caivi no ce6e cny^n n/imueHbio, 
J1M60 BKHiOMan MMUjeHb. M MToSbi B Hpouecce paspflAa oAHOBpeMeHHo npeAOTBpainancfl huhm b 
Me>K3/ieiapoAHOM npoMe>KyTKe m Aocrnranacb caMoctJOKycMpoBKa a/ieiapoHHoro nyMKa na no- 
BepxHOCTi/i aHOAa. 

yAMBMTenbHo. HTO. no MMetoiMMMCfl AaHHbiM, B noMCKax cpeACTB TaKoro poAa ochobhos 
BHMMaHne 6bino yAeneHO TonbKo npocjDMxiMpoBaHMio aMMrrepoB KaroAOB PBfl npn Mcnonbso- 
BaHMM npaiOMMecKM nnocKnx anoAOB. ^pkmm nprnwepoM raKoro noAXOAa mokst cny>KMTb mm- 
nyjibCHbiii mctohhmk aneicrpoHOB na ochobo PBfl, y Koroporo njiasMeHHbift kbtoa nweer npo- 
4)MjiMpoBaHHyK) nnacTMHy m3 manenrpma ii tohho raK >Ke npocfju/inpoBaHHyK) aneioponpc- 
BOAHyio HaicnaAKy Ha nacTb nosepxHocTM yKasaHHot^ nxiacTUHbi (SU 1545826 A1). TsKOii co- 
crasHofi KaroA npn HMnynbCHOM pa3pyiAe mojkbt nopo>KAaTb He noABep>KeHHbifi nnHHy aneK- 
TpoHHbift nyMOK c npo<jjMJieM, cooTBercTByiomMM npo(|3Mxiio AnaneKTpuMecKOM nnacTUHbi. 

OAHaKO Anf> MTC n nHKHO^AepHbix npoueccoB Heo5xoAMMO KaK mo>kho 6onee pasHowep- 
Hoe OKaTMe MmueHn. KOTopoe Hejib3fl o6ecneMMTb npoctJunnpoBaHneM aneiapoHHoro nyMKa. 
noaroMy onMcaHHbiJi PBfl. kbk m ero aHanorn, npaKTimecKii nenpuMenuM b npoueccax yflapno- 
ro OKsrm seu^ecTBa ao ceepxnnoTHoro coctoahmh. 

TpyAHOCTb noAasneHMfl nwHwa b weKSJieio-poAHOM npoMe>KyTKe m oSecneweHMH caMocJjo- 
KycupoBKM aneiopoHHbix nyMKos Ha nosepxHocTn MnuieHeCi nopoAn/iM y mhopmx cfjusnKOB raKofi 
neccMMMSM. WTO ohm QfleJia/iM BbiBOA o npuHMnnna/ibHOM HenpuroAHocru PBfl KaK APawBepa 
AHJJ TpaHCMyraMMOHHbix npoqeccoB m MTC (cm.. nanpuMep: 1. James J. Duderstadt. Gregory 
Moses. Inertial confinement fusion. Joiin Wiley and Sons. New Yorl<, 1982 (fl>K. flraAepiuraAT. r. 
Mosec. I^HepMnanbHbiR repMOfiAepHbiii cunres. IVI.; 3HeproaTOMii3AaT. 1984, c.18.); 2. E.P. 
Velil<liov. S.V. Putvinsl^y. Fusion power. Its status and role in tine long-term prospects. In 4.2.2. 
Drivers for Inertial Controlled Fusion/ httpy/relcom.website.ru/wfs-moscow. m mh. aP-)- 
Tew He Menee. homckm b 3tom HanpaBneni/iM npoAO/i>KanMCb. 

TaK. HanSo/iee 6nM3KMe k M3o6peTeHMio no rexHUwecKOM cymnocTn cnoco5 m ycrpoiicTBo. 
KOTopbie B npMHUMne npuroAHbi flnji yAapnoro OKarm Beu4ecTBa. 6bmM pacKpbiTbi na Me>KAy- 
HapoAHoii KOHct)epeHMmi. nocBJiixigHHofi ycKopure/i^iM Macrnu (S. Adamenko, E. Bulyak et al. 
Effect of Auto-focusIng of the Electron Beam in the Relativistic Vacuum Diode. In: Proceedings 
of the 1999 Particle Accelerator Conference. New York. 1999) m b 6ojiee no3AHe« crarbe (V.I. 
Vysotski. S.V. Adamenko et al. Creating and using of superdense micro-beams of relativistic 
electrons. Nuclear Instruments and Methods in Physics Research A 455. 2000. pp. 123-1 27). 

CnocoS yAapHoro CHorm BeiAecrea. nenco ycMarpuBaewbiM cneMMajiMcraMM m yKazan- 




HblX MCTOHHMKOB MHCj^OpWiaLlMM, BKHfOMaeT: 

MsroTOBneHwe MwiueHM b bma© raKoJi ocecMwiwieTpMMHoCi flerariM m3 KOHfleHcwpoBaHHoro 
Bemearaa, KOTopa^ cny>KMT no wieHbUjew wiepe MacTbK) aHOAa PBfl (a MweHHO - b BV\Re no/iy- 
cc|)epMMecKoro HaKOHewHUKa MronbHaroro aHOAa-KOHqeHTparopa AwaMerpoM nopHAKa HecKo/ib- 

KMX MMKpOMeTpOB), 

ycTaHOBKy wiMUJeHM b PBfl, 0CHau4eHHbiii raioKe ocecMMWieTpwMHbiM nna3MeHHbiR/i Karo- 
AOM, KOTopwM pacnono>KeH npaKTMMecKM na oahom reowierpumecKoK ocw c yKaaaHHWM aHOAOM- 
KOHLieHTparopOM M oTAanSH or Hero Ha HecKonbKo wiMnnwMeTpoB, m 

MMnynbCHbiM paap^A wcTOMHMKa mramR na PBfl b pe>KMMe caMocfjoKycMpoBKM aneK- 
rpoHHoro nyMKa Ha nosepxHocTW aHOAa-KOHueHrparopa. 

ycrpoRcTBo pj}f\ yAapHoro OKarm BemecTBa jamM cnoco6oM naroxoBneHO na ochobb 
PBA. Oho MMeer: 

npoMHbift raaoHenpoHMMaewibiiS Kopnyc. MacTb Koroporo MsroTOBnena M3 oneiaponpoBOA- 
Horo MarepMana, BbinonHena ocecMMMerpMMHoti m orpaHMMMBaer saicyyMHyK) Kaiwepy, m 

aaKpenneHHbie a otom Kaiwepe npaicrwMecKM Ha oahoW reoMerpMHecKofi ocm ocecMMMej- 
pnHHbiM njiaswieHHbiM KaroA m ocecuMMeTpMMHbiCi aHOA-KOHLieHTparop, ms Koropbix no MeHbuueM 
Mepe njriaaMeHHbiJi KaroA noAKnioMeH k MMnynbCHOiwy BbicoKOBOJibTHOwy wcTOMHuicy nmaHm. 

KaroA Sbin BbinonneH no icnaccMMecKoK cxewie «3neKTponpoBOAHbiM cy>KaK>iJ4Mi4C5^ a na- 
npaaneHMM k anoAy (oSbiHHO MeTaJinnMecKMCi) GTep>KeHb - Topuesofi pyisneKrpmecmiA ane- 
MeHT», nepMMerp m nnoiyaAb pa6oMero Topua KOToporo He npeBbiujarox cooTseTCTBeHHo ne- 
pMMetp M nnoLuaAb nonepeMHoro ceMeHM5R yKaaaHHoro cTep>KHfi (Mesyats G.A. Cathode 
Phenomena in a Vacuum Discharge: The Breakdown, the Spark and the Arc- Moskow: Nauka 
Publishers, 2000. p.60). 

ripwAaHne 060MM aneKxpoAawi cneLiMcf>MMecKMX reoMerpuMecKnx dpoptA nosao/injio nofla- 
BMTb nwHH B Me>K3neicrpoAHOM npoMe)KyTKe PBfl, aaocTpwrb aneiapoHHbiM nyMOK m o5ecneHMTb 
ero caMoct^oKyci/ipoBKy Ha HeaHaMnrenbHOM mbctm noaepxHocru aHOAa-K0Hi4eHTpaTopa. 

OAHaKO TaKoe no cyrw TOMeMHoe BosAeftcTsne Ha aHOA-KOHueHTparop npwroAHO nwrnb 
An« AeMOHcrpauiMM npwMeHMWiocTvi PBfl a^i^ yAapnoro oKarufi BeajecTaa, ho He cnoco6Ho ra- 
paHTMpoBatb oKBTMe BBLnecTBa AO caepxnnoTHoro cocrofiHua b cymecTBeHHOiii mbctm oS'beMa 
MMLueHM npw Ka>moM OMepeAHOM nMnynbCHOM pasp^A©- 

KpamKoe u3/io>KeHue cyvmnocmu U3o6pemeHUR 

B cBflSM c M3no>KeHHbiM Bbiuje b ocHOBy M3o6peTeHMn nor!o>KeHa saAana: 

Bo-nepsbix. MSMeneHneM ycnoBHw BbinonHeHUfi onepaunw cosAaxb xaKoCt cnoGo5 yAapno- 
ro OKaTMfl, KOTopbiM Mor 6bi rapaHTupoBaxb OKarue cyuiecTBeHHOM Macru seotecTBa MniueHM 
AO caepxnnoTHoro coctos^hmh npw Ka>KAOM oMepeAHOM MWinynbCHOM paspnA^ na PBfl, 

BO-BTopbix, M3MeHeHMeM (JjopMbi M B3aMMopacnor!0>KeHM5^ aneKTpoAOB B PBfl coGAaTb ra- 
Koe ycTpoMCTBo Ann yAapnoro OKaTMJi BeuiecTBa, Koropoe o6ecneMMno 6bi npaKTWMecKoe ocy- 
unecTBneHwe cnoco6a, m. 




B-TpeTbMX, M3MeHeHi/ieM (|)opMbi 14 cooTHOiueHMfl paswepoB sneKTponpoBOflHOM M pyisneK- 
TpwMecKOM wacTew cosAarb tbkoii ocecuMMeTpMMHWM rmasMeHHbiM Karofl, KOTopbiw oSecneHW- 
saxi 6bi HawSojiee OKOHOMMMHoe npaKTWMecKoe ocyunecTB/ieHMe cnoco5a. 

nocTasneHHafl saAa^a b nepaow Macro peiueHa Tew. mto b cnoco6e yAapHoro okbtmj? 
BemecTBa c wcnonbaoBaHweM PBfl, nwefomero ocecMMiweTpuMHyK) BaKyyMHyio KaMepy c oneK- 

TponpOBOAHblMM CTeHKaMM, OCeCMMMeTpMHHblM nna3WieHHblM KaTOA M OCeCMMMejpMMHblM aHOA- 

KOHueHTparop, BicnjoHaiomeM: 

MaroTOBJieHwe MMiueHM b bmab ocecMMMeTpwMHOM AeTann H3 KOHAeHCMpoaaHHoro seiAe- 
CTBa, KOTopafl cny>KMT no MeHbUjew wiepe HacrbK) aHOAa-KOHueHTparopa, 

ycraHOBKy aHOAa-KOHueHrparopa b PBfl c aaaopoM OTHOCurenbHo nnasweHHoro KaxoAa 
npaiawwecKM Ha oahoR c hum reoMerpMMecKOM ocu n 

MMnynbCHbiM paspfiA ncTOHHMKa nwraHWH Ha PBfl b pe>KiiMe caMo4)OKycMpoBKM sneK- 
TpoHHoro nywKa na noBepxHOcrw aHOAa-KOHMeHTparopa, 

cosnacHO u3o6pemeHUio 

McnonbsyiOT oceci/iMMeTpuMHbiM nnasMeHHbiM KaroA b bma© aneiaponpoBOAHoro CTep>KH5^ 
c TopqeBbiM AManeKTpuMecKMM ajieivieHTOM, y KOToporo nepMMeyp saAHero Topua no wieHbLueii 
Mepe B nnocKocTM, nepneHAHKy/i^pHow ocu cuMWieTpMw KaroAa, oxeaTbiBaex nepuMerp yKaaan- 
Horo cTep>KHfi c HenpepbiBHbiM sasopoM, a nnoiuaAb aMUTupyrauieii noBepxHocro npeBbiLuaer 
MaKCMWianbHyK) nnoinaAb nonepennoro ceMennH aHOAa-KOHueHTparopa, 

aHOA-KOHueHTparop ycranaBnuBafOT c raKUM saaopowi OTHOCMxenbHO nnasMeHHoro Karo- 
Aa, npM KOTopoM LieHTp KpuBMSHbi paSoMew noBepxHOCTM aHOAa-KOHueHTparopa pacnoxio>KeH 
BHyrpM 4)OKanbHoro npocTpancTBa KonneKTMBHo caMoct)OKycMpyK5U4erocji aneiapoHHoro nyMKa, 

M BosAeMCTsyioT Ha aHOA-KOHLieHTparop sneiapoHHbiM nywKOM c OHeprneCi aneiapoHOB He 
MeHee 0,2 MaB. nnoTHOcTbio rona He Menee 10® A/cm^ m AnnrenbHocrbK) ne 6onee 100 hc. 

PeaynbxaTbi ocymecrBJieHMH laKoro cnoco6a OKaaanncb secbMa Heo>KMAaHHbiMM Aa>Ke 
An5i M3o6peTaTenH, KOTopbiM crpeMMncfl k hum 5onee 10-m ner. TaK. npn vicnonbaoBaHMH npo- 
cTeMUJMx MOHOMeTa/inMHecKMx MMLueHeM MS BbicoKOMuicTbix wieAM, TaHTajia M APy™x Marepna- 
noB yAanocb aKcnepuMeHxanbHO ycTanosMTb cneAyfoiiiee: 

aawieiHay? qacTb Maccbi Ka>KAOM MnaieHM nocne yAapHoro oKarun paaneranacb m b bmab 
cKonneHMw npoAyKtoa TpaHCMyTauMn oceAa/ia na creHKax saKyyMHoCi Kawepw PBfl m/mxim na 
yKaaaHHOM Aaiiee aKpane; 

OTAe/ibHbie cKonneHMn 6binM AOBonbHO oAHopoAHW no aneivieHTHOMy cocTaay; 

B CKonneHMHX 6b!nM AOCToaepHo BbmBJieHW ne rojibKO 0Ta6MnbHbte waoTonw waBecTHbix 
HbiHe XMMMMecKMX 3neMeHTOB, KOTopbie He npucyrcTBOBann b BemecTBe MMiiieHew b KaMecTse 
npMMecew. ho m raioKe oTHocnTenbHo GTa6MnbHbie waoronbi HenaBecTHbix Hwne m noKa ne 
MAeHTMcjDMMMpoBaHHbix TpaHcypaHMAOB; 

M30TonHbiM cocTaB npoAyKTOB TpaHcwyrauMn aeaiecTBa MHOieHeJi cymecTBeHHO ornn- 
Mancfi OT cnpaaoMHbix AaHHbix o6 msotohhom cocraBe arox >Ke aneweHTOB b sgmhom Kope, 
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nono>KMTenbHbiii Bbixofl jennoBOM aHeprwM 143 sohw TpaHCMyrauMn 3a4>MKCMpoBaTb He 
yflanocb. 

3to npuHLiMnnanbHo ornnMaeT TpaHCMyraiAMK) comacHO naoepereHMK) or rpaAMUMOHHOM 
TpaHCwiyrauMM o6cTpenoM TBepflbix MMLueHew (HanpMwiep, us tom >Ke msah wnn MonM6AeHa) 
MOHaMM (o6bmHO AewTpoHaMM), KOTopbie nojiyMajOT wa mctomhmkob c MarHMTHo-yAep>Ki/iBaeMOM 
aHOAHOfi nnasMOM m paaroHfiioT Ha cnoxcHbix m onacHbix b aKcnnyarauMM i/iwinyjibCHbix ycKopw- 
Tenax AO nonyMenn^ hotokob MOLUHocTbK) nopjiAKa 1 kBt npw anepruM mohob Bonee 5 MaB 
(CM.. HanpuMep, US Patent 5,848,110). AewcTBUiTenbHO, b raKnx npoueccax yAaerc^ nonynaTb 
TOJibKo aaBOAOMO MasecTHwe npei/iwiyaiecTBeHHO paAMoaicrnBHbie waoTonbi aaBeAOMo naBecr- 
Hbix XMMMMecKMX anewiBHTOB, HanpMMep: Zn^^, Mo^^. P^, O^^ m t.a-, TorAa kbk cnoco6 comacHO 
M3o5peTeHMio npaKTMMecKM npuroAeH. kbk MWHUwyM, pj\f{ cwHTeaa jpaHcypaHMAOB b AOcraTOM- 

HblX PJ\9\ XMMMMeCKOrO MCCneAOBaHMR KOJlMMeCTBaX. 

YnoMflHyTbie Bbitue u noApo6HO onwcaHHbie ^anee peaynbTaxbi ocyLnecTsneHUH cnoco6a 
comacHo MaoSpereHMK) noasonj^JOT npeAnojio>KMTb, mto aneicrpoHHbiM nyMOK KonneicTMBHO ca- 
Moc|30KycMpyeTca Ha cymecTBeHHOM MacTi^ noeepxHocTM aHOAa-KOHUieHTpaTopa m B036y>KAaeT b 
ero npuinoBepxHocTHOM cnoe MexaHUMecKuCi connTOHonoAo6Hbiii WMnynbc nnoTHocTH, cxoah- 
lAMftcn K ocM CMMMerpuM MMiueHM. 3tot MMnynbc waoaHTponi/iMecKM nepeAaer aneprmo, nony- 
qeHHyio OT aneicrpoHHoro nyMKa, Ha MacTb BemecTBa MMOieHu b5/im3m ocm ee cuMMeTpun. He- 
peAHMfi (t>poHT yKaaaHHoro nwinyjibca cTpewiMTC^ npnoBpecTM ccfDepuMecKyK) cjDopwiy. noaroMy 
no wepe npn6nM>KeHMa connTOHonoAoBHoro MMnynbca k HSKOTopoMy Manowy oe-bewy c qen- 
TpoM Ha OCM cMMMeTpMM MMLueHM npoMCXoAMT yKpyMeHwe ero nepeAHero cJ^poHra m BoapacTa- 
Hue nnoTHOCTM aHepran b hSm ao BenMMMHw, AOCTaroMHoii f\m ROcr^A^enm CBepxnnoTHoro 
cocTo^iHMfl BeiuiecTBa M npoTeKBHW^ HMKHOJ^AepHbix npoLieccoB. MMeHHO noaroMy na npocrew- 
LueM (M, MTO Ba>KHO, npaKTMMecKM eeaonacHOM b aKcnnyarauMM) ycKopwrene aneKrpoHOS Twna 
PBfl c MMHMManbHbiM pacxoAOM aHepruM yAaercH, KaK 6yAeT noAPoSHO noKaaano HM>Ke, o6ec- 
neMMBaTb TpaHCMyraLiMOHHbie ^lAepHbie peaKLinw c nonyMSHi/ieM ujupoKoro cneiapa naoxonoB. 

nepBoe AonoJiHurejibHoe oTr\mv\e coctomt b tom, mto b cocTase PBA ncnonbayfOT xaKow 
nnaaivieHHbiM KaTOA, y KOToporo aneicrponpoBOAHbiii CTep>KeHb aaocTpSn. a TopLiesoCi A^aneK- 
TpuMecKMM anewiBHT WMseT oTBepcTwe a^« HacaAKi/i na yKaaaHHbiPi CTepKBHb, nocaAOMHaa 
MacTb KOToporo BMBcre c ocTpweM naxoAMTcn snyTpn yKaaannoro oTBspcTMSi. 3to noaBOxiHST 
no MeHbUjew wepe MacTHMHO perynnpoBaTb Me>KaneKTpoAHbiii aaaop b PBfl m CTaBuJinanpoBaTb 
pa5oTy nnaaweHHoro KaTOAa, mto oco6eHHo Ba>KHo rhh aKcnepnivieHTanbHofi onTHMnaauMi/i 
npouecca yAapnoro OKaTi/ia. 

BTopoe AonoriHMTenbHoe oTjinMne coctomt b tom, mto MMiueHb ctDopMnpyioT b bma© 
BCTaBKM B MSHTpanbHyK) MacTb BHOAa-KOHLieHTpaTopa PBfl, AwaMeTp KOTopoM BbiBupajoT b 
npeAenax ot 0,05 ao 0.2 MaKCHManbHoro nonepeMHoro paawepa anoAa-KOHMeHTpaTopa. 3to 
RoaBonfleT ncno/ibaoaaTb b KaMecTse oS-beiaa, KOTopbiM OKHMam ao cBepxn/ioTHoro coctoji- 
HMfl, nJoSbie MaTepwanbi HeaaBMCMMO ot mx aneiaponpoBOAHocTn m npwMeHHTb mx kbk b TBep- 
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flOM. TaK VI B >KMflKOM cocTOHHUM. EcTecTBeHHO, HTo >KviAKOCTM npeflBapMTenbHO KancynnpyioT 
J1M60 HenocpeACTBeHHo b TsepAoCi o5o/ioMKe aHOAa-KOHMeHTparopa. jiii6o b oTAe/ibHOM 060- 
/lOHKe, KOTopyio nocne repMernaam/iM BcraB/wioT b aHOA-KOHMeHTparop c oSecneMeHneM nnor- 
Horo aKycTMMecKoro KOHraiaa. 

TpeTbe AonojiHUTe/ibHoe OTXiMsne coctomt b tom, mto no weHbiuefi wepe tom Macru ano- 
fla-KOHMeHTparopa. KOTopaa o6paii4eHa k nnaswieHHOMy KaroAy. npnAaioT c^eponAanbHyio 
0opMy. 3to no3BOJineT csecru MexaHUHecKnii cojiMTOHonoAo6HbiM HMnyjibc nnoTHOcxn a mmk- 
pocKonnMecKM iwianbiM oS-bgw m Aa>Ke npn MUHmwaribHOM (nopyjAKa 300-1000 fl)K) pacxoAe 
aHeprm/i BHyrpn PBfl Ha oamh «BbicTpe/i» oSecneMUBaTb yAapHoe cKarne aemecTsa Ka>KAOM 
oqepeAHoCi MniueHM ao csepxruioTHoro cocTOflHua c nonyMeHneivi 10"-10^« aroMos kbk npoAyK- 

TOB TpaHCMyTaL|l/ll4. 

MeTBepToe flononHnre/ibHoe ornuMMe coctomt b tom. hto MumeHb cJjopMnpyioT b bmas 
c4)epoMAanbHoro Tena, KOTopoe njioxHo c}jMKCMpyK3T BHyrpn aHOAa-KOHueHTpaTopa TaKUM 06- 
pa30M. HTO uem-pbi BHyTpeHwero m BHeujHero ccJjepoMAOB npaicTMMecKM cosnaAaiOT. TeM ca- 
MbiM YAagTCfi 3aMeTHo noBbicwtb bwxoa TpaHCMyTupoBaHHoro MaTepnana. 

HOToe AononHMTenbHoe oTnimne coctomt b tom. mto na aHOA-KOHuempaTop BosAeficT- 
ByiOT aneicrpoHHbiM nyMKOM c aHeprweii sjieiapoHOB ao 1. 5 MaB, rvioTHocTbio TOKa He 6ojiee 
10" A/CM^ M AnMTe/ibHocTbKJ He 6onee 50 hc. 3tm pe>KMMbi AocraTOMHbi aha npoTeKaHMn hmk- 
HOflAepHbix npoueccoB b Mvauemx. coctojuamx m3 HaM6onee CTa6MJibHbix btomob xmmmmockmx 
aneweHTOB M3 «cpeflHeft MacTM» TaBJiMUbi MeHAe/ieesa. 

lUecToe AononHMTe/ibHoe ornMMMe coctomt b tom. mto nnoTHocTb TOKa b aneicrpoHHOM 
nyMKe cocraanjieT ne 6onee 10'' A/cM^ mto AOCTaTOMHO Ana 3*c|DeKTMBHoro yAapnoro oKaTMa 
6ojibuJMHCTBa KOHAeHCMpoBaHHbix MMiueHeii. 

CeAbMoe AononHMTejibHoe CTJiMMwe coctomt b tom, mto ocxaxoMHoe Aaa/ieHwe b aaKyyM- 
Ho« KaMepe PBA noAAepjKMsaiCT na ypoBHe He 6onee 0,1 Ha. mto sno/ine AocTaTOMHO nnrt m- 
KnioMeHMH ra30Boro pa3psiAa Me>Kfly aneiapoAaMw PBfl. 

nocraB/ieHHaa saAaMa bo BTopo« mbctm pemeHa tbm. mto b ycTpoftcTse Ann yAapnoro 
c^KaTMJi BemecTBa Ha ochobb PBfl, KOTopoe BtoiroMaej: 

npoHHbifi rasoHenpoHMuaeMbiii Kopnyc, MacTb KOToporo MsroToaneHa m aneiaponpoBOA- 
Horo MaTepMana. BbinojineHa ocecMMMerpMMHoft m orpaHMMwaaeT BaicyyMHyio KaMepy, m 

ycTaHOBJieHHbie b BaKyyMHO« KaMepe c 3a3opoM npaiowMecKM Ha oAHoti reoMeTpMMecKoCi 
ocM ocecMMMeTpMMHbie nnasMGHHbiM KBTOA M aHOA-KOHqeHTpaTop. M3 KOTopbix no MeHbUieil 
Mepe KaTOA noAKnwMgH k MMnynbCHOwy BbicoKOBonbTHOMy McroMHMKy HMTaHwa. 

coanacHo u3o6pemeHuio 
nna3MeHHbiCi iotoa Bbino/iHen b bmab aneicrponpoBOAHorc CTep>KHfl c Top^eBblM AnaneK- 
rpMMecKMM sneMeHTOM. y KOToporo nepuMeTp saAHero Topua no MeHbmeCi Mepe b htiockoctm. 
nepneHAMKyjiapHofi ocm CMMMexpwM KaxoAa, oxaaTbiaaeT nepMweTp yKasaHHoro CTep>KHa c ne- 
npepbiBHbiM 3a3opoM, a rwoinaAb awnTMpyromei^ noeepxHOCTn npeabiujaeT waKCMMaribHyio 
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nnomaflb nonepeMHoro ceMeHi/in aHOfla-KOHMeHTparopa, 

no MeHbUjeii iviepe oamh m aneiapoAOB PBfl CHa5)KgH cpeflCTBow peryjiMpoBaHna Me>K3- 
/leKTpoAHoro sasopa, a 

paccTOHHue or o6u4eft reoMerpimecKoii ocm yraaaHMbix njiaaweHHoro Karofla m aHOfla- 
KOHMem-paTopa flo SHyrpeHHeii cropoHw s/ieiaponpoBOflHOM creHKM saKyyiviHoCi Kawepbi npe- 
BbimaeT SOdmax, we dmax - MaKCMMa/ibHbift nonepeMHwCi paaiwep aHOfla-KOHMeHTparopa. 

PBfl. o6jiaAaiou4MM coBOKynHOCTbio yKasaHHbix npusHaKos, KaK MUHUMyM npurofleH flna 
TpaHCMyrauMM nflep oahmx XMMMMecKHX ajieweHTOB b flflpa flpyrux xuMMwecKnx sjieweHTOB, kbk 
3TO yKasaHo Bwuje b KOMMeHrapunx k cymHocru cnoco6a comacHO M3o6peTeHMio. 

nepBoe AonojiHMTejibHoe ornnHMe coctomt b tom. mto a/ieicrponpoBOAHbiM cTep>KeHb 
rmasMeHHoro icaTOAa saocrpgH. a Topuesofi AmneKxprnecmPi sjieMeHT nweer OTBepcxne jv^b 
HacaAKM Ha yKaaaHHbiM cxepjKeHb, nocaAOMHan Macrb Koroporo Bwiecre c ocrpneM HaxoAnrcn 
BHyrpM yKaaaHHoro OTBepcTun. HpM xaKoii KOHcrpyKmiii nepeMemeHMeM AnaneiapMHecKoro 
aneMSHTa OTHocnTe/ibHo a/ieiaponpoBOAHoro crepmm mokho CTa6iiJiii3MpoBaTb pa6oTy nxiaa- 
MeHHoro KaroAa in no luieHbUjeii Mepe MacTMMHO perynnposaTb Me>K3neiapoAHbrfi aaaop b PBfl. 

BTopoe AononHMTejibHoe OTJinHne coctomt b tom, mto aHOA-KOHueHTpaxop wweeT Kpyr- 
Jiyto b nonepeMHOM ceqeHHn <popMy m ucjimkom BwnojiHeH M3 aneiaponpoBOAHoro b ocHOBHofi 
Macce MaxepMana, noAne>Kamero TpaHcwyTamiM. 3to no3Bon«eT Ha npocTeftmux o5pa3uax m 
MMCTbix MeTannoB vim cnnaeoB wieTannoB AeMOHcxpiipoBaTb 34)c})eKT TpaHCMyraMUM m, b wa- 
CTHocTM, nojiyqaTb TpaHcypanviAbi. 

TpoTbe Aono/iHMTenbHoe OTnuMne coctomt b tom. hto anoA-KOHueHTpaTop BbinojiHeH co- 
CTaBHbiM M BKHioHaeT no MeHbujeii Mepe OAHocnoftHyio TBgpAyw o6ojioMKy m nnoTHo oxsaMeH- 
Hyto sroih o6o;iOMKOfi BcraBHyio MMUieHb b BHAe rena BpameHMw, KOTopafl M3roTOBXieHa M3 npo- 
M3BO/ibHoro KOHAeHcupoBaHHoro MaTepnana vt mmbbt AnaMeTp b npeAenax (0.05-0,2).d;„ax, rf\e 
c/fliax - MaKCMManbHbifi nonepesHbiM paaMep anoAa-KOHMeHTparopa. 3to nosBonneT npoeoAHTb 
yAapHoe oicaTMe eemecTBa He TonbKo c uenbio TpaHcwyrauMn sAep axoMOB. ho m c uexibra no- 
/lyweHMH SHepruM b soHe npoTeKaHun nMKHOAAepHbix npoueccoa c cymecTBeHHbiM (no Menb- 
usePi Mepe Ha nop^AOK) npeBbiujeHMew KpnTepiw JIoycoHa. 

MsTBSpToe AononHMTeJibHoe OTmmne coctomt b tom. mto b xboctoboCi wacTM aHOAa- 
KOHueHTpaTopa ycraHOBJieH no MeHbtuefi Mepe oamh SKpan m3 npeAnowTMTejibHo sjieiaponpo- 
BOAHoro MBTepMana. Oh MO>KeT yjiaa/iUBaTb MacTb npoAyicTOB nMKHoaAepHbix npoueccoB, no- 
nyMBHHbix npM yAapHOM okbtmm ao csepxnnoTHoro cocrojiHMfl ochobhoS MMiueHM, m cny>Ki/iTb 
AonojiHMTenbHoii MMiuenbio aha Me>icbflAepHbix B3aMMOAe«CTBMR npn pazn&re MacTMM anoAa- 
KOHL(eHTpaTopa. 

HflToe AonojiHMTe/ibHoe ot/imsmo coctomt b tom, mto yKaaannbiii sKpan BbinojiHen b bmao 
TOHKOcTeHHoro Tena spauieHMji. AnaMeTp KOToporo cocTaenjieT He Menee 5dmax m KOTopoe 
yAaneno ot 6nM>Ka«iujero k nnasMeHHOMy KaTOAY Topua 3Toro anoAa na paccTonHne ao 
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20(/„ax. we drT,ax - MaKCMwia/ibHbiM nonepeMHbiM pasMep aHOfla-KOHueHTparopa. Hpn stmx yc- 
xioBUHx 3/ieKTponpoBOflHbiii 3KpaH cnoco6cTByeT caModJOKycMpoBKe aneiopoHHoro nyMKa Ha 
6onbmeCi MacTn noBepxHocTM aHOfla-KOHMeHTparopa m ynaBjinBaer saMeTHyio MacTb npoflyiaoB 
nuKHOHflepHbix npoLteccoB. 

lUecToe flono/iHMTenbHoe OT/inHne coctomt b tom. mto yKaaaHHoe TOHKocreHHoe reno 
BpameHMJi CO CTopoHbi aHOAa-KOHMeHTparopa nweer nnocKyio umvi Bomyryio nosepxHOCTb. 3to 
cymecTBeHHo aaMeAnaer sapacraHne cxeHOK BaKyyMHofi Kan/iepbi PBfl ocaAKawM. KOTopwe co- 
flepjKar npoflyicrbi nuKHOHqepHbix npoLteccos. 

nocraB/ieHHaa aaflawa b rperbeM. BcnoMorarejibHoili Macrw pemeHa reiw. hto b ocgcmm- 
MerpuHHOM nxiasMeHHOM Karofle. KoropbiM MMeer a/ieiaponposoAHbiK CTep>KeHb fljw nofliono- 

HeHMfl K MMnyjlbCHOMy BblCOKOBOXIbTHOWy MCTOHHMKy nHXaHMfl VI TOpueBOR flMSJieiapMMeCKMft 

axieMeHT. coanacHo u3o6pemeHuio, no MeHbtuefi iwepe b nnocKOCTM. nepnewAMKyjiflpHOM ocm 
CMMMeTpMM KaroAa. nepuMerp aaAHero Topqa AnaneKxpuMecKoro aneiy/ieHTa oxBaTbiBaer nepn- 
Merp yKaaaHHoro CTep>KHn c HenpepbiBHbiiw aaaopow. 

TopueBOM AM3/ieiapMMecKMCi aneweHT raKoro KaroAa npn npo6oe no nosepxHOCTn npaK- 
TMMecKM MmoBeHHO noKpbiBaercy, nnasMoi*. Pa6oTa BbixoAa a/ieiapoHOB m raKoii nnasMbi 
6nM3Ka K HynK). nosroMy tok b Me>K3neicTpoAHOM sasope PBfl m. cooTBeTcreeHHo. cywiMapHaji 
aHepmj, sjieiapoHOB b 3JieKTpoHHOM nyMKe npaicTMsecKM coBnaAawr c 4)M3MMeciai AonycxuMbi- 
MM MaKCMwanbHbiMM sHaMeHMflMM 3TMX napsMeTpoB. MweHHo nosTOMy nna3MeHHb.fi KaroA co- 
rnacHo M3o6peTeHMio npeAnoHTurenbHO npuweHJiTb b ycrpoiicTBax na ochobo PBfl aha yAap- 
Horo oKaTMn BeiLiecTBa. 

nepBoe Aono/iHMTejibHoe ommvie coctomt b tom, mto axieiaponpoBOAHbit^ crep>KeHb 
nna3MeHHoro KaroAa saocrpgH. a TopuesoCi AUsnefapuHecKufi aneMSHT nMeoT OTBepcroe Ana 
HacaAKM Ha yKasaHHbiti CTepjKewb. nocaAOHHaa wacTb KOToporo Bwecre c ocTpngw HaxoAnrcji 
BHyrpM yKaaaHHoro OTBepcTn^. KaK yjKe 6bijio CKa3aH0 Bbime. 3to nosBonneT ncnonbsoaaTb 
nnasweHHbiW KaTOA no MeHbiueM Mepe KaK oaho m cpeACTB perynnpoBaHUfl MejKsneiapoAHoro 
sasopa B PBfl. 

BTopoe Aono/iHMTejibHoe oTJinwue coctomt b tom. mto TopuesoM AnaJieKTpMMecKMfi ane- 
Mem- MMeeT myxoe OTsepcTMe. mto npeAnoMTMTenbHO npM peryJiMpoBaHMi/. Me>K3neKTpoAHoro 
3a3opa B PBfl. 

TpeTbe AononHMTenbHoe ornm^e coctomt b tom. mto topubbom Ana/ieKTpMMecKMfi ane- 
MGHT MMeeT CKB03Hoe OTBBpcTMe. MTO npoAnoMTMTenbHO npM pery/iMpoeaHMM oSpasosaHMa 
njiasMeHHoro o6naKa npM npo5oe m CTa6MjiM3aMMM pa6oTbi PBfl. 

MeTBgpToe AononHMTenbHoe ot/immmb coctomt b tom. mto TopueaoM AUSJieKrpMMecKMM 
ajieMem- MsroTOB/ien m3 warepMana. Bbi6paHHoro m3 rpynnbi, cocToameM m3 KapSouennbix no- 

ilMMepOB C OAMHapHbIMM ymepOA-yr/iepOAHblMM CBfl3JlMM. K0Mn03MUM0HHblX MBTepMa/lOB c op- 
raHMMeCKMMM CBfl3yK)mMMM TMna rSTMHaKCa M/IM TeKCTOriMTa. 36eHOBO« ApeBBCMHbl. npMpOAHOM 

MJiM CMHTeTMMecKo« cnwAbi. MMCTbix OKCMAOB MeTannoB lll-VII rpynn nepMOAHMecKofi cMcreMbi 
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3/ieMeHTOB MeHfleneeBa, HeopraHMHecKMX creKon, cMxajuiOB. KepaMi/mecKMx AwaneKrpMKOB i/i 
BOMJIOKB M3 6a3ajibTOBoro BonoKHa. 

3tot npeflnoMTMTenbHbiM nepeMeHb nosBOJifieT noflenpaxb flvioneKrpmecme Marepnanbi 
c yngjOM pasHbix rpeSoBaHMM. HanpuMep, yKaaaHHbie opraHMMecKne Maxepiianbi m bomjiok M3 
6a3anbTOBoro BonoKHa >KenaTenbHbi m3 coo5pa>KeHMM yflo6cTBa mrorosneHiA^ Topuesbix am- 
aneKTpuMecKMX a/ieweHTOB m MaHnnynnpoBaHUfl mmm npn peryjinpoBaHnn Me>K3neKTpoAHoro 
3a3opa B PBfl, a npoMi/ie yKaaaHHbie HeopraHUMecKne Marepnanbi >KenaTejibHbi c tohkm spenm 
CTOMKocTM K M3Hocy M MMHMMyMa BJii/wHMH Ha ocTaiowHoe flaB/ieHne B BaKyyiwHOM Kawiepe PBfl 
nocne Ka>KHoro OMepeflHoro «BbicTpena». 

n«Toe Aono/iHMTenbHoe ommme coctomt b tom, mto TopueBoii p,v\3neKrpmecmv\ ane- 
MeHT MMeer pasBuryjo noeepxHocTb, hto o6nerMaeT o6pa30BaHMe nnasMeHHoro o6jiaKa npn 
npo6oe. 

UJecToe AonojiHMTexibHoe ommvie coctomt b tom, mto MUHMMajibHbiw nonepeMHbiM pa3- 
iwep VKBsaHHoro AwaneicrpMMecKoro aneiweHTa Caa muh ^(5-10)*Coc Mane, a a/imhb aToro ajieMen- 
Ta /aa -(10—20)*CocMBKc, rAe Cocmbkc - MaKCuiviajibHbiM nonepewHbiM paaiviep ajieicrponpoBOAHo- 
ro CTep>KHfl. ripM TaKMX OTHOCMTe/ibHbix paawepax nacTeii nnasMeHHoro KaxoAa noriHocTbfo mc- 
KnioMaeTCfl huhm b Me>KajieKTpoAHOM npoMe>KyTKe PBA m rapaHTupyeTc^i caMo<})OKycMpoBKa 
aneicTpoHHoro nywKa Ha cymecTBenHow Macru aHOAa-KOHuenTpaTopa. 

flOJl>KHO 6blTb nOHHTHO, 

MTO npn BbiBope KOHKpeTHbix BapwaHTOB ocyiiiecTBneHM^i M3o6peTeHMf? bosmokhu npo- 
M3BonbHbie K0M6MHaLiMM yKasaHHbix AonojiHMTenbHbix otjimhmm c ocnoBHbiM M3o6peTaTejib- 
CKMM saMbicnoM, 

HTO aTOT saMbicen b npeAenax. OMepneHHbix (|DopMynoPi M3o6peTeHM^, MO>KeT 6biTb ao~ 

nOJlHSH M/M/IM yTOMHSH C MCnonb30BaHMeM 06bNHblX 3HaHMM CneMHa/lMCTOB M 

MTO onwcaHHbie Aanee npeAnoMTMTe/ibHbie npuwepbi BonjioiAeHn^i M3o6peTaTenbcKoro 
aawbicna hmkomm o6pa30M He orpanuMMBaioT oOteM npaa na ocHOBe M3o6peTeHMfl. 

KpamKoe onucaHue uepme>Keu 

flajiee cymnocTb M3o6peTeHMfl (na npniwepax TpaHCMyTaunn ^Aep b nuKHOJiAepHbix npo- 
Lieccax) noflCHfleTCfl noApo6HbiM onwcaHweM KOHCTpyKUUM ycxpoMCTBa w cnocoSa yAapnoro 
OKaTMfl BemecTBa co ccbinKSMM na npwnaraeMbie MepTe>KM. rAe M3o6pa>KeHbi na: 

(SpvivA - KOHCTpyiOMBHafl cxBMa B3aMMopacnono>KeHMH a/ieiapoAOB b PBfl c yKa3aHMeM 
peryjinpyeMbix reoMeTpuMecKMX napawieTpos; 

ct)Mr.2 - CTpyKTypnaa cxeMa MMnynbCHoro BbicoKOBO/ibTHoro MCTOMHMKa nuTann^; 

c{)Mr.3 - npeAnoMTMTenbHafl KOHcrpyKLiMi^ ocecMMMeTpuHHoro nnaaMeHHoro KaTOAa (b 
npoAOJibHOM paapeae no ocm cuMMeTpwn); 

4)Mr.4 - BMA saAHero Toptia ocecMMMeTpwMHoro nnaaweHHoro xaTOAa b nnocKocTH IV-IV 
(c nonepeMHbiM ceMenweM a/ieicrponpoBOAHoro CTep>KHyi): 

ct)Mr.5 - uenbHbiii ocecMMMeTpuMHbift aHOA-KOHqeHTpaTop. HenocpeACTBeHHo Mcnonbaye- 
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MbiM B KaMecTBe MmueHM fljifi aeMOHcrpaum yAapHoro oKajM^i Bemecrsa flo CBepxnnoTHoro 
COCTOHHM5R (b npoflonbHOM paapeae no ocm ci/iMMerpMn); 

ct)Mr.6 — nycTorenbiM ocecuMMeTpuMHbiCi aHOA-KOHueHrpaxop co BcraBHoii cctDeponflanb- 
HOM MMUjeHbK), npeAHasHaHeHHbiM, Hanpmviep, fl/iH no MeHbiueM Mepe MacrnHHoCi rpaHCMyra- 
14MM AOJiro>KMBymMx paAnoaKTMBHWx naoTonoB Bbi5paHHbix xi/iMUMecKux anewieHTOB b cTa5nnb- 
Hbie M3OT0nbi npewMymecTBeHHo hhnx XMMMHecKMx aneMeHTOB (b npoflOJibHOM paapeae no oci/i 

CMMMeTpMM); 

cfDMr? - rpacjDMK nsMeHeHUfl HanpH>KeHMH m TOKa b paap^iflHOM nMnyjibce PBfl; 

ct>Mr8 - rpacjDHK a5conK)THoro (b npoueHxax no Macce) pacnpeAeneHM5i xnMUMecKnx a/ie- 
iweHTOB no Maccaw aroMHbix ^^a^P b npoAyicrax rpaHCMyraLiMM XMMMHecKH mmctom MeAw; 

<t)Mr.9 - rpacjDMK oTHocnTenbHoro pacnpeAeneHu^ rex >Ke xMMUMecKHX aneweHTOB no Mac- 
CBM aroMHbix ^p,ep b npoAyKxax TpaHCMyraLiMn xi/iMUHecKH mmctom mbam; 

c|)Mr.10 - rpac|DHK a6co/iK)THoro (b npoLieHxax no Macce) pacnpeAeneHHj? xnMUMecKnx 
anewieHTOB no waccaM aroMHbix f\fxep b npoAyKrax xpaHCMyraLiMM xnMUMecKH Mucroro TaHtana; 

cjDMr.11 - rpacjDMK OTHOCMrenbHoro pacnpeAeneHM5i rex >Ke XMMMsecKMX aneMSHTOB no 
MaccaM ajOMHbix hasp b npoAyKtax TpaHCMyraqMM XMMMHecKM MMcroro raHrana; 

ct)Mr.12 - rpacjDMK a6conK)THoro (b npoiieHtax no wiacce) pacnpeAeneHMH XMWMMecKMx 
anewieHTOB no MaccaM aroMHbix ^Aep b npoAyKrax xpaHCMyrauMM XMMMMecKM Mwcroro CBMHua; 

(t)Mr.13 - rpacfDMK OTHOCMrenbHoro pacnpeAejieHMf? rex >Ke XMMMMecKMX aneMeHTOs no 
MaccaM aroMHbix 9\f\ep b npoAyKtax rpaHCMyraiiMM xmmmhsckm MMcroro CBMHua; 

ct)Mr14-penepHb!fi Macc-cneKrp MSOTonos HMKenfl, nonyMeHHwi^ MCcneAoaaHMeM o6pa3- 
qoB npMpoAHoro HMKenn m cosnaAaKDiAUM c ecrecxBeHHOM pacnpocTpaHeHHOcn-faK) xaKMx msoto- 
noB B seMHofi Kope; 

ct)Mr.15 - Macc-cneKTp oTHOCMrenbHoro pacnpeAeneHMfl MSoronoB HMKenn b oahom M3 
CKonneHMti Ha moahom SKpaHe, nonyqeHHbix b pesynbrare nMKH05iAepHbix npoueccoB b qe/ib- 
Hoffi MeAHOM MMUJeHM (o6pa3eL4 Ns 1); 

ct)Mr.16 -xaKOM >Ke Macc-cneKrp, KaK Ha cf)Mr.16, nonyneHHwCt npM MCcneAOsaHMM APyroro 
cKonneHM5? aroMOB nmem na tom >Ke sKpaHe; 

c|DMr.17 - MMKpoc}DOTorpac{DM5i npoAyicra yAapHoro OKaxM^i semecTBa ao CBepxnnoTHoro 

COCTOflHM51 B BMAe «b6mTOM» B MeAHblR 3KpaH M MaCTMHHO npOTpaBJieHHOM MOHHbIM nyHKOM >Ke- 

/ie3HOM nonycc|Depbi co ccJjepMHecKMM yrnySneHMeM. 

Hauny^ujue eapuanmhi ocyuLiecme/ieHUR u3o6pemeHUR 

ycrpoiicTBO cornacHo M3o6peTeHi/iK> (cm. c|DMr.1) BbinoJiHeno Ha ocHoee PBfl. Ero cyiqe- 
CTBeHHbiMM MacTflMM cnyDKax: 

npoHHbifi raaoHenpoHMLiaeMbifi Kopnyc 1, MacTb Koroporo waroTOBneHa ms aneKxponpo- 
BOAHoro MaxepMana (HanpMMep, ms Meflw m/im Hep>KaBeKDmeM cxanM), BbinojiHeHa ocecMMwex- 
pMMHoft M orpaHMMMBaex BaKyyMHyKD KaMspy, saMKHyxyKD b paSoneM noJiODKeHMM xopLieBO« am- 
sjieKxpMMecKoii KpbiiuKoJi 2 m noAKnKDnaeMyK) no Mepe Heo6xoAMMOcxM nepea no MeHbiueM mo- 



pe OAMH He o5o3HaMeHHbm oco6o luryuep k BaKyyM-Hacocy; 

HepacxoflyeMbiM ocecMMMejpMMHbiM aneiaponpoBOAHbiM cTep>KeHb 3 npeflnoMTHxenbHo 
KpymoM B nonepeMHOM ceMeHwn v\ npenMymecTBeHHO KOHycoo6pa3Ho£i b npoAonbHOM ceMeHMM 
cjDopMbi. KOTopbiM >KecTKO M repMeTMMHo saKpenjieH B KpblUJKe 2 M cny>KMT Rn9\ noAKniOMeHMH 
PBfl K onucaHHOMy HM>Ke nMnynbCHOMy BbicoKOBonbTHowy McroMHMKy nMTaHMw; 

CMeHHbiM (no Mepe usHoca) ocecMMMerpMHHbiM nnaaMeHHbiw KaroA, nMeioiiiiiii: 

- anejcrponpoBOAHbiM cTep>KeHb 4, xboctobmk Koxoporo aaKpenneH a CTep>KHe 3, i/i 

- >KecTKO cB5i3aHHbm CO cTep>KHeM 4 TopueBoii AMsneKTpuHecKMM sJieMeHT 5, y KOToporo 
n/iomaAb pa6oMero Topua npeBbiLuaer nnomaAb nonepeMHoro ceHeHWH CTep>KHfl 4; 

OCeCMMMeTpUHHblM aHOA-KOHLieHTpaTOp 6, KOTOpbIM MOKeT 6blTb UenbHblM I/IJIM BKHlOMaTb 

MMLiieHb 7 M y KOToporo MaKCMManbHayi nnomaAb nonepeHHoro ceMeHM« MeHbiue nnomaAM 
SMMTMpytoLLieM noBepxHOCTM TopueBoro AMsneicrpuMecKoro anewieHTa 5; 

no KenaHMio, aKpaH 8 M3 npeAnoMTwrenbHO aneicrponpoBOAHoro MarepMana, KOTopbiR yc- 
TaHOsneH b xboctoboCi Macrw aHOAa-KOHueHTparopa 6; 

no MeHbiuef^ Mepe oaho (He noKasaHHoe KOHKpeTHo m ycnoBHO oBosHaMBHHoe TonbKO na- 
paMM crpenoK noA M3o6pa>KeHM5?MM nnaawieHHoro KaxoAa 4,5 m aHOAa-KOHueHTpajopa 6) cpeA- 
CTBO peryni/iposaHMfl wie^KaneicrpoAHoro aasopa, to ecTb npoMe>KyTKa Me>Kny ne>Kami4MM npaK- 
TMMecKM Ha OAHOM reoMBTpMHecKoft ocM TOHKoJi nepeceMeHM^i TopueBOM noBepxHocTi/i AwansK- 
TpuMecKoro anewieHxa 5 njiasiweHHoro KaroAa c ocbjo ero cMMMerpuM m ananorMMHOM tomkom Ha 
Topqe anoAa-KOHueHTpaTopa 6. 

MMny/ibCHbifi BbicoKOBO/ibTHbiM MCTOMHidK nwTaHM^i PBfl (cm. c|DMr.2) B npocTeiiiJjeM cny- 
Mae MO>KeT 6bnrb BbmonHen b bmab xopomo msbbcthoJi cnemiajiMcraM ci/icreMbi, BKniOMaJoiLieM 
no MBHbiueR Mepe oamh eMKocTHoi* mjim i/iHAyKTHBHbiW HaKonnrenb aneprviM c no MBHbiiieii Me- 
pe ABywfl nnasMeHHbiMM (mhm MHbiMn) npepbiBarejiJiMM TOKa. OAHaKo npeAnoMTi/ixenbHb! raioie 
«rM6pMAHbie» mctomhmkm nuraHMfl (cm., nanpi/iMep: 1. P.P. Ottinger, J.AppLPhys., 56, No.3, 
1984; 2. Ao/iraMgB ri/1. m aP- OnawKa nnasMbi. 24, N212, c.1078, 1984), KOTopwe mmbiot nocne- 
AOBarejibHO BioiJOMeHHbie (cm. ct)Mr.2): 

BXOAHoii TpaHcc{)opMaTop 9 CO cpeACTBOM noAKnjoMeHMfl k npoMbioineHHOM aneicrpuMe- 

CKOM CBTM 14 BblCOKOBOHbTHOM BblXOAHOR o6MOTKOfl, 

HaKonnTenbHyK) LC-uenb 10, coAep>KainyK) hb noKaaaHHbie oco6o noAXOA^iMwe kohabh- 

CaXOpbl M aflBMBHTbl MHAyKTMBHOCTM, M 

6noK 11 nnaaMBHHoro npepbiaaHM^ TOKa paspjwa b LC-Lienn, C0Aep>KamMM necKonbKO 
CMMMBTpMMHo pacnojio>K6HHbix B OAHofi nnocKOCTM xopoujo M3BBCTHbix cnBLinanncTaM njias- 

MBHHblX nyUJBK, KOHMMBCTBO KOTOpblX (B SaCTHOCTM AO 12-M ULITyK) o6bmHO paBHO Koni/iHecTBy 

KOHABHcaropoB B cocTaae LC-uenw. 

ECTeCTBBHHO, HTO Hap^AY C yKasaHHbIMM «CMnOBblMM» 6jlOKaMI1 B COCTaS MMnyJIbCHblX 
BblCOKOBO/lbTHblX MCTOMHMKOB nUTaHMR PBA 06blMH0 BKnJOMBHbl TaKMB HB nOKasaHHblB OCO60 

cpeACTBa mMepemn MMnyjibCHbix tokob m Hanpfl>KeHM{4. KaK no MBHbUJBi* mbpb oamh none Po- 
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roBCKoro m no MeHbiiieCi Mepe opy\H eMKocTHoii Aeni/iTe/ib Hanp5i>KeHMn. 

McTOMHMK TaKoro Tuna 6bm ncnonbsoBaH pf[9\ nuTaHH^i PBfl b onucaHHbix f\anee 3Kcne- 
puMeHTax no yAapHOMy c>KaTi/iK) BeiMecrsa ao csepxnnoTHoro cocto^ihua. 3tot mctohhmk mop 
o5ecneMMBaTb cneAYKJinne npeAenbHbie 3HaMeHM5i ynpasn^ieMbix napawierpoB: 



fljifl 3c{Dct>eianBHoro ocyiiiecTBJieHnyi cnoco6a yAapHoro c^KaTMfl BeuiecTBa npw MaroxoB- 
neHMM OTAenbHbix HacxeM PBfl m MMiueHeJi peKOMeHAyercn co6niOAaTb p^fl AonoJiHMTenbHWX 
ycnoBMM. 

TaK, Ba>KHO, MTo6bi paccTOHHwe or o6iJneM reoMeTpimecKoK ocm nnaaMeHHoro KaroAa 4,5 
M aHOAa-KOHLieHTparopa 6 ao BHyrpeHHeii cxopoHbi aneKTponpoBOAHOM creHKM Kopnyca 1 npe- 
Bbiiiiano SOdmax TA© dmax ' MaKCMMa/ibHbiJi nonepeMHbifi paawep aHOAa-KOHLieHrparopa 6. 

L4enecoo5pa3Ho, MTo6bi nnaawieHHbiii KaroA (cm. cfjurS) nMexi aaocTpSHHbiii aneiaponpo- 

BOAHblM CTep>KeHb 4 M TOpLieSOM AManeKTpWMeCKMM OJieMeHT 5 C myXI/IM MJIM CKSOSHblM OTsep- 

cTi/ieM, 3tot aneMeHT 5 Aon>KeH 6biTb noca>KeH Ha CTep>KeHb 4 c HesHamiTenbHbiM HaT5iroM 
TaK, HTo6bi nocaAOMHa5i MacTb CTep>KH5i 4 Bwecre c ocTpweM HaxoAMiiacb BHyrpn yKaaaHHoro 
oTBepcTi/15^. ripM 3T0M (jpopMB TaKoro oTBepcTM^i M nonepeMHoro ceHeHM5i CTep>KH5J 4 (npn co- 
6nK)AeHMM ycnoBMH ocecMMMeTpMMHOCTM) B nonepeMHOM ceMeHUM mokst 6biTb HeKpymoi^ (na- 
npMwiep, oBanbHOM, annnnTi/mecKOM, 3Be3Aoo5pa3Hoii, KaK noKasaHO Ha ct3Mr.4, m t.a.)- 

TajoKe Lienecoo6pa3HO, MTo6bi nepMMerp aaAHero xopua flusjieicrpviMecKoro ojiewieHTa 5 
(cm. (t)Mr.4) no MeHbUjew Mepe b htiockoctm, nepneHAMKynflpHofi ocm CMMMerpMH nnasMeHHoro 
KaroAa, oxBarbiBa/i nepuMerp aneicrponpoBOAHoro cTep>KHfl 4 c nenpepbisHbiM sasopoM. flo- 
H«THO, MTO 3TO ycnoBwe Mo>KeT 6biTb BbinonneHo npn pa3Hoi^ 4)opMe KonrypoB nonepeMHbix 
ceMeHMft CTep>KHfl 4 m sjieMeHxa 5. 

BecbMa >KenaTenbHO, MTo6bi TopueBoii fVAoneKrpvmecmi^ sneMenr 5 njiasMBHHoro Karo- 
Aa MMsn pasBMxyK) BHeiuHKJK) noBepxHOCTb, HanpMMep, mcxoaho luepoxoBaTyK), KaK noKa3aHO 
Ha ct)Mr.4, MfiM npoAHaMepeHHO pucjDJiSHyK) no MeHbiueii Mepe b oahom npoMSBonbHOM Hanpas- 
jieHMM. B MacTHocTM. Moryx 6biTb McnoJibsoBaHbi 3neMeHTbi 5. KOTopbie B nonepeMHOM ceMeHMM 
MMeK)T ct)opMy ocecMMMeTpMMHOM MHoronyneBOM aBesAbi. 

>KenaTenbHO, MTo6bi Mi/iHMMaxibHbift nonepeMHbiCi pasMep Caa muh xopueBoro A^siieKxpn- 
HecKoro 3neMeHxa 5 6bm BbiOpaw b HHxepBane (5-'10)*CocMaKCi a Annna Ids 3xoro sneMenxa na- 
xoAMJiacb B MHxepBane (10 -20)*C3c mbkc, rAe Cac Mane - MaKCMMajibHbiM nonepeMHbiM pa3Mep 
3neKrponpoBOAHoro CTep>KH5R 4. 

3neMeHX 5 nnasMeHHoro KaxoAa M0>KeT 5biTb M3roxoBneH m nK)5oro AMSiieKtpuMecKoro 
Maxepnana, KOxopbiCi - npw Bbi5paHHbix cfDopMe m pa3Mepax - cnocoBeH k npoSoK) npn Bbi6paH- 



cpeAH^fl 3Hepr\A9\ sneKxponoB b nyMKe 

A/iMxenbHocxb cymecxBOBaHM^ sneKxpoHHoro nyMKa 



tok BbicoKOBonbXHoro pasp^Aa 



MoiAHOCXb sneKxpoHHoro nyMKa 



0x0.2 AO 1,6 MaB; 
.AO 100 Hc; 

.0x2-10® AO 0,75.10^^ Bx; 
. ox 10 kA AO 500 kA. 



17 



HOM pa6oMeM Hanp^?>KeHMM b aaaope Me>KAy sneicrpoAaMM PBfl. 

>KenaTejibHO, MTo6bi xaKOM Marepi/ian 6bm Bbi6paH m3 rpynnbi. cocTo^meM m3 Kapeoqen- 
Hbix nonnMepoB c oAHHapHbiMn ymepoA-yrnepoAHbiMM cb9\39\mv\ (HanpMMep, nonnaTuneHa mjim 
nonnnponn/ieHa), KOMnoauqnoHHbix wiarepManoB c opraHUHecKMMH cBHayKDiquMt/i runa reTViHaK- 

Ca MJll/l TeKCTOnHXa, 35eHOBOM APSBeCUHbl, npupOAHOW HnH CUHXeTHMeCKOCl C/lIOAbl. MMCTblX OK" 

CMAOB MexannoB lll-VII rpynn nepi/iOAMHecKOW cucxeivibi aneMenxoB MeHfxeneeBa, HeopraHUMe- 
CKMX cxeKon, cnxannoB, BownoKa us eaaanbxoaoro BonoKHa m KepaMi/inecKnx ams^skxphkob. 

OcecMMMexpMMHbiM aHOA-KOHLteHxpaxop 6, KaK y>Ke 6bmo yKaaano Bbiiiie, MO>Kex 5bixb: 

nn6o LienbHbiM (cm. dpvir.S) m cocxoHXb 113 npoM3B0JibHoro XBepAoro oSbmno aneKxponpo- 
BOAHoro B Macce npeAnoMxuxenbHO wiexannnMecKoro waxepnana (BKnioMaH KaK MMCXbie wiexan- 
nbi, xaK M MX cnnaBbi), HanpuMep, m weAn, xaHxana, CBUHua m x.a.; 

jimGo MWiexb (CM. cjDi/ir.e) no MeHbuiew Mepe oAHOcnoMHyK) npenMymecxBeHHO c4)epoM- 
AanbHyK) o6onoMKy 6 m3 npeAnoMXHxenbHO sneKiponpoaoAHoro Maxepuiana m nnoxHO saKpen- 
neHHyK) b Hew BCxasHyfo ocecwMMexpuMHyKD MumeHb 7 m npoM3BonbHoro KOHAeHCwpoBaHHoro 
(xaepAoro mjim >KMAKoro) eeiuiecxBa, Koxopoe noAne>KMX yAapnoMy OKaxMK). 

MaKCMMa/ibHbm A^SMexp BCxaBHoCi ocecMMMexpMMHOM MMiiieHM 7 >KejiaxenbH0 Bbi6Mpaxb 
B npeAenax (0,05-0,2) *dmax^ tab dmax - MaKCUManbHbiM nonepeMHbiM pa3Mep aHOAa- 
KOHLieHxpaxopa 6 b uenoM. HeaaBucuMO ox reoMexpuMecKow c|DopMbi xena MwiueHU 7 OHa 
Aon>KHa 6biTb 3aKpenJieHa BHyxpw aHOAa-KOHueHxpaxopa 6 xaK, Mxo6bi ueHxp KpuBusHbi ee no- 
BepxHocxn npaKXMMecKM coBnaflan c LieHxpoM KpMBM3Hbi pa6oMeM noBepxHocxn aHOAa- 
KOHLieHxpaxopa 6. OqeHb Ba>KHO. Mxo5bi nnoxHocxb p,\AcnoKBuy\v\ b Maxepwane anoAa- 
KOHLieHxpaxopa 6 m a Maxepnane MHiueHM 7 6bma KaK mo>kho MeHbLue m Mxo6bi Me>KAy 3XMMM 
AexajiJiMM 6bm o5ecneMeH aKycxMMecKuCi KOHxaKX. 

3KpaH 8, ycxaHaajiMBaeMbiM a xbocxobom nacxi/i aHOAa-KOHueHxpaxopa 6, o6biHHO naro- 
xoBfieH M3 sneKxponpoBOAHoro Maxepnana m MMeex bha npenMyiAecxBeHHO xoHKOCxeHHoro xe- 
na apaiAeHMfq. A^aMexp sKpana 8 Aon>KeH 6bixb He Menee 5dmaxf a ero yAaneHwe ox pa6oMero 
xopua aHOAa-KOHL4eHxpaxopa 6 - He 6onee lOd^ax^ tab dmax - MaKCHManbHbiii nonepeMHbm 
pasMep anoAa-KOHueHxpaxopa 6. >KenaxenbH0, Mxo5bi SKpan 8 co cxopoHbi pa6oHero xopqa 
aHOAa-KOHi4eHxpaxopa 6 HMen nnocKyio nnn aomyxyK) nosepxHocxb (cm. cjDnrypbi 5 m 6). 

Cnoco6 yAapHoro c>KaxM« semecxBa c noMOOtbK) onMcaHHoro ycxpoMCxaa b o5u4eM bma© 
npeAycMaxpusaex: 

a) noAKnioMeHne aneKxponpoaoAHoro cxep>KH^ 4 onucaHHoro Bbiaie nnasweHHoro KaxoAa 
K HepacxoAyeMOMy a/ieKxponposoAHOMy cxep>KHK) 3; 

6) naroxoBJieHne 3anaGa CMeHHbix ocecuMwexpMMHbix aHOAOB-KOHueHxpaxopoa 6 c npeA- 
noMXMxenbHo cKpyrneHHbiMM paSoHUMM xopqaMM b oahom m3 Asyx sapwanxoB, a HMeHHo: 

nv\6o a awAe qenbHbix Aexanew m3 noAne^ainero yAapHOMy oKaxMK) (m xpawcMyxauMM 
MJiM MHOMy HA^PHOMy npeoSpasoaaHMK)) Maxepwana, 

nM6o a BMA© npeAnoMxuxenbHO OAHOcnoMHbix o6onoMeK, b Koxopwe nnoxno BCxaBJieHbi 
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MMLueHi/i 7 M3 (npi/i Heo6xoAMMOCTM, npefleapnTejibHo Kancyni/ipoBaHHoro) noAJie>Kaiiiero yAap- 
HOMy oKaTMio (m TpaHCMyraqnM nnn MHOwiy fiflepHOMy npeo6pa30BaHMK)) MaTepnana; 

b) no >KeJiaHMio, ocHatueHMe no MeHbLuew Mepe HeKOTopbix aHOflOB-KOHueHTparopoB 6 
sneKTponpoBOAHbiMM 3KpaHaMH 8 na moam, csiiHua, HMo6Mfl. raHrana m t.a *. 

r) ycraHOBKy Ka>KAoro oMepeAHoro aHOAa-KOHL4eHTpaTopa 6 b saKyyMHyK) KaMepy Kopnyca 
1 PBfl npaKTMHecKM Ha oahom reoMerpuMecKOM ocm c nnaaMeHHbiM KaroAOM 4.5; 

a) peryjinpoBaHi/ie aaaopa Me>KAy pa6om/iMii TopLtawin xopMeBoro AwaneiapiiMecKoro ane- 
MeHTB 5 nnaaMeHHoro KaroAa m aHOAa-KOHqeHTparopa 6 rara/iM o6pa30M, mtoSbi LieHTp Kpn- 
BM3Hbi pa6oMeti nosepxHOCTi^ aHOAa-KOHLieHrparopa 6 npi/i tiMnyjibCHOM pa3p^Ae McroHHkiKa 
nkiTBHM^i Ha PBA OKaaajicfi BHyrpn c|)OKanbHoro npocrpaHCTBa Konjieicn/iBHO caMo4)OKycMpyK>- 
Luerocfl 3JieKTpoHHoro nyMKa; 

e) sanMpaHMe saKyyMHOM Kaiwepbi ycraHOBKOM TopueBoCi KpbiiuKM 2 M3 f[\/[3neKTpmecKoro 
Marepnana Ha cj^naHeM npoMHoro raaoHenpoHMuiaeMoro sneicrponpoBOAHoro Kopnyca 1 PBfl; 

tk) BaKyyMnpoBaHMe Kawepw b Kopnyce 1 PBfl, Koropoe npoBOA^T: 

nepeA nepBbiM «BbiCTpenoM» no MeHbiueii Mepe ABa>KAbi (cHaMana OTKaMMBan B03Ayx, a 
3aTeM no MeHbmeii Mepe oAHOKparno npoAyea^i KaMepy m/icTbiM cyxi^M asoroM m noBTopHO or- 
KaMi^isafi AO ocraTOMHoro AaBneHU^! ra30B He 6ojiee 0,1 Ra), a 

nepeA Ka^KAbiM nocneAyK>Li4i/iM «BbiCTpenoM» - no MeHbiueii Mepe oAHOKparno, ecnui oc- 
TaxoHHoe AapneHwe npesbicMT yKa3aHHyio eejiMMMHy; 

3) noAKnioMeHMe BHeoiHero BbicoKOBonbTHoro i^croMHUKa ni/iTannH PBfl k ajieiapMMecKoi^ 
ceTM Hepe3 bxoahom TpaHC^opMarop 9 m HaKonneHne Heo6xoAi^Moro tv^s\ aKcnepkiMenra sana- 
ca ajieicrpi/iHecKoii anepmi/i b LC-nenjA 10; 

m) pa3pflA LC-uenn 10 Mepea 6jiok 11 nna3MeHHoro npepbisaHM^i WMnynbca TOKa, Hepac- 
xoAyeMbit) oceci/iMMeTpuMHbii^ aneicrponpoBOAHbif) CTep>KeHb 3, cMeHHbib) aneKrponpoBOAHbm 
crepKeHb 4 m TopLieBOM AManeKTpMMecKMM aneMeHT 5 Ha anoA-KOHLieHTparop 6 PBfl, npw koto- 
poM nopo>KAaeTCJi aneKrpoHHbiM nysoK c aHepmew aneicrpoHOB ne Menee 0,2 MaB, nnoTHocrbio 
TOKa He Menee 10^ A/cm^ (a npeAnoMTwrenbHo ne 6oJiee 10* A/gm^ m oco6o npeAnoHxi/iTejibHO - 
He 6ojTee 10^ A/cm^) m AnwTenbHOCTbK) ne 6onee 100 hc (a npeAnoMTwrejibHO ne 6onee50 hc); 

k) naBneMenne aaKyyMHoCi KaMepbi Kopnyca 1 PBfl npoAyKToa, bo3hiikuji/ix npi/i OKari/ii/i 
MacTM BeinecTBa MniueHM ao caepxnnoTHoro cocto^ihmh, m MccxieAOBaHvie arux npoAyKXOB o6- 
LAenpuHOTbiMH MeroAaMU ui cpeACTBaMi4. 

3Kcnepi/iMeHTanbHbiMii MMiuen^MM cny>Kiini4: 

Ann AeMOHCTpauMM acf^^eKra TpaHCMyraLiMi'i npn yAapnoM OKaruM BeutecTBa ao CBepx- 
nnoTHoro cocro^Hun Me/ibHbie anoAbi-KOHLieHTpaTopbi 6 comacHo ct3Mr,5; a 

AHfi oueHKn B03MO>KHOCTki o6e3Bpe>KuiBaHi/i5i paAi^oaKTMBHbix Marepi/iajioB - nycTOTenbie 
aHOAbi-KOHueHTparopbi 6 c BCTaBHbiMM (c co6jiK)AeHMeM ycnoBMil nnoTHoro aKycTWHecKoro 
KOHTaKTa ti npaKTMMecKoro coBnaAeHii5i ueHTpoB KpuiBM3Hbi pa6oMi/ix noBepxHocreti) MtiLueH5iMi/i 
7 (CM. 4)Mrypb! 1 i/i 6), 



L4enbHbie aHOAbi-KOHueHTpaTopbr 6 HMenn ycpeflHeHHbiM paflwyc KpuBMSHbi pa6oHMX rop- 
1468, KaK npaBMJio. b nHTepaajie or 0,2 ao 0.5 mm. Ohm 6binM, b HacTHocTn, naroTOBneHbi m3 Ta- 
KMX XMMMMecKM MMCTbix MeTa/inoB. KaK MGflb, TaHTan M cBMHeu. TaKwe aHOAbi-KOHueHTparopbi 6 
MOHCHO xpaHMTb Ha BosAyxe. Bo3HtfiKaK)Li4a^ npi/i 3Tom Ha noBepxHOCTH (oco6eHHO MeAi^ ^ 
CBMHua) OKCMAHafl n/iSHKa He npenajcTByeT. a no HeKOTopbiM Ha6jiK>AeHMyiM Aa>Ke cnoco6cT- 
Byer i/ix npt/iMeHeHi/iio no yKasaHHOMy Bbiuie HasHaMeHnto. 

BcrasHbie MMtueHM 7 uiMerwn bma rpanyn, KOTopbie 6binM MsroTOBneHbi m AOcrynHoro Ha 
pbiHKe MSOTona Co®° m m MCKyccTBenHbix CMeceii Co* m Co®, nonyneHHbix oejiyMeHweM npupoAHO- 
ro Hmen9{ na i4i4KnoTpoHe y-120 b MHCTMryre ^lA^pHbix i/iccneAOBaHMi^ Hai4M0HanbH0b) BKapfiMm 
HayK VKpaMHbi. 

ripn McnojibaoBaHMM TaKMx MMiueHei* BHyrpn saKyyMHbix KaMep PBfl ycraHaBnuBanM Aonon- 
HMTenbHbie ne noKasannbie ocoSo oSojiomki/i m noni/iKanponaKraMa (Kanpona). 3ti4 oSo/iomkh ox- 
BaTbiBajiM o6a aneicrpoAa PBA m cyLAecTBeHHO CHM>Kant/i onacHOCTb oceAaHi/in ocrraiKOB paA^oaK- 
Ti/iBHoro Ko6anbTa Ha creHKax Kopnyca 1 m KpbiLUKifi 2 PBA. 

McxoAHbie M AOCTMrnyTbie nocne TpaHCMyram/iM nonojibaoBaHHbix MaoTonos KoSanbja ana- 
^enm paAvioaiaMBHOCTM KOHrponnpoBann c noMoiAbio o6u4eii3BecTHbix repMaHMti-JimneBbix raM- 
Ma-AereicropoB. 

flo Hawana pa6oMi/ix sKcnepuiMeHTOB no yAapnoMy c^aruiK) BeLuecTea ao CBepxnuoTHoro 
cocTOJiHMfi 6bino npoBBAeHO 6ojiee TbicflMi/i «npMCTpenoMHbix» OKcnepuMeHTOB. Ho mx WToraw 
6biJibi BbiSpaHbi 14 yroMHeHbi rpaHMUbi Me>K3neicrpoAHoro saaopa b PBA> rapaHTUipytoiAiie (c 
yneroM paaMepoB fxeraneih nJiaaMGHHoro KaroAa n aHOAa-KOHueHTparopa \a KOHKperHbix pe>Kbi- 
MOB paap^Aa) nonaAan^e LienrpoB KpuBkiaHbi MMLuenefi b 4)OKajibHoe npocrpaHCTBo aneiapoH- 
Horo nyHKa PBfl. 

Pa6oMuie 3KcnepiiMeHTbi npoBOAi^JiM cepmMV\. 1/lx KoriMMecTBO b cepmx 6bmo paaHbiM m 
cocraBnajio ox 50 (npn TpaHCMyrauuM paAnoaKTMBHoro Ko6ajibTa) ao HecKonbKMX coxeH. Hy- 
Mepauna Bcex sKcnepuMenxoa CKBoanan. 

McxoAHbie AaHHbie o6 McnonbaoBaHHbix MULueHfix, napaMexpax pasp^Aa i/i nojiyMeHHbix 
peayjibxaxax noA oMepeAHbiMi/i HOMepaMii aanMCbiBajii/i b jia6opaxopHbie >KypHajibi. 

ct)opMy MMnyxibcoB Hanpfl>KeHMfl m xoKa b Me>K3neKxpoAHOM npoMe>KyxKe PBfl n ct)aicTOMe- 
CKyK) A^i/ixejibHOCXb cyLAecxBOBaHUH 3JieKTpoHHoro nyHKa KOHxpojiMpoBann no ocummorpaM- 
MBM xoKa M HanpfiKeHMn. Ti/inuiMHbie npuMepbi xaKkix ocL|i/innorpaMM npuiBeAeHbi na 4>ifir.7. KaK 
BMAHO Ha 3XMX (m MHOfMX Apyrwx) ocuMJinorpaMMax, AnnxenbHocxb cyaiecxBOBaHMa sneKxpoH- 
Horo nyMKa ne npesbiLuaex 100 ho. 

Ba>KHo oxMexMXb, hxo xok sjieKxpoHHoro nyMKa (HecMOxpa na peaKoe naAenwe nanp^Ke- 
HMH Ha nnaaMeHHOM kbxoab PBfl) m\uh Heanam/ixenbHO yMeHbiuaexc5i b cpaBHeHnn c nuKOBbiM 
anaMeHMeM. 3xo cBHAexenbcxByex o6 3<t)4}eKXMBHOcxM wcnonbaoBaHMH nnaaMeHHbix KaxoAOB 
comacHo ii3o6pexeHiiK). 

riocne cxaxMcxMHecKoR o6pa5oxKM peay/ibxaxoB npwcxpejioMHbix sKcnepuMenxoB c ysS- 
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TOM ynpaenfieMbix napaMerpoB npoLiecca reHepiipoBaHUfi oneiapoHHoro nyMKa 6bmM ycraHOB- 
newbi opweHTupoBOMHbie HopMaruBbi Me>K3neKTpoAHoro saaopa m onpeAeneHbi OKHflaewbie 
sennHMHbi o5"beMa cjDOKanbHoro npocxpaHcxBa (cm. Ta6jiMi4y 1). 

Ta6ni/ii4a 1 

SasMCMMocTb Me>K3JieKTpoAHoro 3a3opa M oe-bewa c{50KanbHoro npocxpaHCTBa 
OT ocranbHbix napaMexpoB npouecca reHepupoBaHwa a/ieicrpoHHoro nyMKa 



CpeAHHJi 
SHepmn 
3neKTpo- 

HOB B 

nyHKe, 
MaB 


Paawepbi AMsneiapM- 

MecKoro aneMeHTa 
njia3MeHHoro tcaroAa, 

MM 


Paawepbi pa6oMero rop- 
14a BHOAa-KOHueHTpaTopa 


Me>K3- 
neicrpoA- 
Hh\ih 3a- 
3op, 

MM 


06-b§M dpo- 
KaJibHoro 
npocrpaH- 
CTsa, 

MM^ 


paAwyc 

KptlBMSHbl. 
MM 


n/ioiqaAb, 

MM^ 


AnaMerp 




0.2 


4.0-6,0 


5.0 


0.25 


0.75 


2.0-3.0 


0.02 


0.5 


16,0-24,0 


8,75 


0.45 


2.4 


7,0-10,5 


0.12 


1.0 


45.0-67.0 


9.5 


0.73 


6.7 


36.5-55.0 


OKOJIO 0,5 


1.5 


80.0-120,0 


15.25 


OKono 1.0 


OKono 12,3 


>59 


OKono 1,3 



B Aa^bHetSujMX, paSoMux SKcnepMMeHxax co6JiK)AeHMe xaKnx rpaHULi MeMoneicrpoAHoro 
3a3opa a PBfl rapaHTupoBajrio: 

Bo-nepabix, nonaAaHwe LteHTpoe kpubmshw paOoMew noBepxHocru LtenbHbix anoAOB- 
KOHLieHTparopoB 6 (a npi/i wcnonbsoBaHMM MMiueHeft 7 - raioKe vi ueHxpoB KpwBMSHbi m no- 
BepxHOcreii) b 4)OKanbHoe npocrpaHCTBO KonneicrwBHO caMOcJjOKycMpyKDLiterocH aneiapoHHoro 
nyMKa 14, 

BO-BTopbix, Ha6jiK)AeHiie 3ct>c})eKTa TpaHCMyrauMH npn Ka>KAOM wMnynbCHOwi paspf^e mc- 
TOMHMKa nMTaHM« Ha PBfl. 

flaxiee, npn coSniOAeHMM yKa3aHHbix b Ta5nMi4e 1 napawierpoB nnoTHocTb TOKa Ha no- 
BepxHOCTM paBoMero ropua aHOfla-KOHUieHTpaTopa 6 yAaaanocb o6ecneMMBaTb s HHxepBane ox 
10® A/CM^ AO 10® A/CM^ B 6onbUJMHCXBe SKcnepuMenxoB no yAapnoMy OKaxMK) axox napaMexp 
noAAep>KMBanM b HHxepsane ox 10® A/cm^ ao 10^ A/cm^. 

Pe3y;ibxaxbi Bcex pa6oMMX aKcnepMMeHXOB Bbim^AeJiM OAHOxwnHO, a mmchho: 

M3 MacxM (b cpeAHewi OKono 30% no Macce) mcxoahofo waxepnana BOSHMKann npoAyicrbi 
xpaHCMyxauiMM b bmab tunpoKoro cneKrpa oSbWHO cxa6MnbHbix M30xonoB pa3HOo6pa3Hbix (kbk 
JierKMX, xbk m xfl>Kejibix m Aa>Ke CBepxxflHcenbix xpancypaHOBbix) XMMMMecKwx aneweHxoB; 

3XM npoAyKTbi M HeM3MeHeHHbie no XMMMMecKOMy GOGxaBy ocxaxKM ueribHbix anoAOB- 
KOHLieHxpaxopoB 6 (m BcxaBHbix MMiueHeft 7) paanexanncb m3 30Hbi yAapHoro OKaxn^i BeiuecxBa 
AO CBepxn/ioxHoro cocxoyiHUfl npewMymecxBeHHo b HanpaBJieHHH, npoxMBonono>KHOM nna3- 
MeHHOMy KaxoAy, m oca>KAanMCb b bmab pa3HOo6pa3Hbix no 4)opMe m pa3MepaM Kanneo6pa3- 
Hbix OKonneHwR na cxeHKax BaKyywiHoii Kawiepbi PBfl m/mjim hb SKpanax 8, ecnn ohm 6binM mc- 

nOHbSOBaHbl. 

yKa3aHHbie npoAyKXbi co6MpanM fv\n wccneAOBaHMM, 

Ana perncxpam/iM oxAenbHWX CKonneHufi npoAyKroB xpancMyxauMM m onpeAeneHWfl mx 
nono>KeHM5i Ha noAno>KKax (b MacxHocxM, Ha sKpanax 8) c uenbK) nocneAyiomero nccneAOBaHMji 
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aneMeHTHoro m naoTonHoro cocxaea (a b OTAe/ibHbix cnyMafix - A^fl cjaMKcaqi/iM BHeiUHei^ djpop- 
Mbi TaKi4X npOAYKTOB) npMMeHflJiM aneicrpoHHbie MMKpocKonbi-MMKpoaHanMsaTopbi n/ina 
P3MMA-102, «Tes/a» m «Cameca>y, a Afi« MccneAosaHMfl onewieHTHoro w i/iaoTonHoro cocraBa 
yKaaaHHbix npoAYKTOB - O>Ke-cneKTp0MeTp MOAenn «Jamp 10S» hrohckom cJjMpMbi JEOL, spe- 
Mfl-npon§THbift /laaepHbiM Macc-cneicrpoMeTp MwinynbCHoro f^evicrsm, paapaSoraHHbift b Kmgb- 
CKOM HauMOHanbHOM yHMBepcMTexe mm. TT. UJeaMeHKO (YKpaMHa), MOHHbiM mmkposoha iwoAe/iM 
IMS-4f (t}MpMbi CAMECA w BbicoKOMyBCTBMTenbHbiw Macc-cneKrpoMeTp MOAenw VG9000 ct^wp- 
Mbi FINNIGAN. 

B MTore Bcex pa6oMMX aKcnepMwieHxoB no yAapwoMy OKaxwio ao CBepxnnoxHoro cocrofi- 
Hm ue/ibHbix aHOAOB-KOHueHxpaxopoB 6 6bino BbiflBJieHo cymecxseHHoe necoBnaAeHwe mx mc- 
xoAHoro cocxaaa, KoxopwR npaKTMHecKH bo BceK wiacce MMiiieHef^ Ka>KAOii cepuiM 6bijri npeA- 
cxasneH oahmm XMMMHecKMwi anewieHXOM, c aneweHXHbiM m i/iaoxooHbiM cocxaBowi npoAYKXOB 
xpaHCMyxaMMM. 

Mxo6bi y6eAMXbCfi b 3xom, paccMOxpMM ct)Mrypbi 8-13, Ha Koxopbix BepxwKanbHbiwiM urrpM- 
xoBbiMM nnHi/iflMM oxMSMeH sapfiA ^Apa «MaxepMHCKoro» XMMWMecKoro anewieHxa. 

B nop^AKe nojicHeHM« oxMexMM, Mxo npMcyxcxBwe b npoAyKxax xpaHcwiyxauuM nsoxonoB 
XMMMMecKMX 3/ieMeHXOB, He BxoAMBiuMX B cocxaB McxoAHoro Maxepwana MMiueHM, oSosHaneHO 
Ha cjDnrypax 8, 10 m 12 ABa>KAbi, a MwieHHo: 

CBexjibiMM Kpy>KKaMM - B cooxBexcxBMM c MX KOHueHxpauMeii B yKasaHHbix npoAyicrax hmk- 
Ho^AepHbix npoLieccoB, a 

qgpHbiMM KBaApaxMKBMM - B cooxBexGXBMM 0 MX KOHueHxpauMeii B seMHoK Kope. 

3ap5HAbi «Aep 3TMX MsoxonoB m mx MaccoByio Aon»o b npoqenxax HexpyAHO onpeAeJiWTb, 
pyKOBOAcray^icb MMcnoBbiMM o6o3HaHeHMflMM cooxBexcxaeHHO no ocm a6cuMCC m com opAMHax. 

Ha c|3Mrypax 9, 11 m 13 noKaaaHo c noMOiAbio caexribix xpeyronbHMKOB m nocxaBneHHbix 

PJIAOM XMMMMeCKMX CMMBOJIOB OXHOCMXe/lbHOe OXKHOHeHMe Y KOHl4eHXpai4M« KOHKpeXHblX XMMM- 

MecKMX snewienxoB ox npwpoAHoR Hopwibi, BbiHMcneHHoe no ctJopwyne 

— — = Y,rAe 
A+B 

A - Aonfl onpeAeneHHoro Msoxona onpeAenSwHoro XMMMMecKoro ajieweHxa b npoAyJcrax 
xpaHCMyxaMMM (% no Macce), a 

e - Aon« xoro >Ke MSoxona xoro >Ke XMMMHecKoro anewienxa b aewiHoi^ Kope (% no Macce). 

KaK fiBHO bmaho Ha c|DMrypax 8, 10 m 12, xpancMyxauMfl mcxoahwx MeAM, xanxana m cbmh- 
Ha npMBOAMx k nojiBJieHMK) LUMpoKoro cneKxpa Msoxonos pasjiMMHWx xmmmmbckmx aneMeHxoB c 
aap^iABwiM Z f«Aep. Koxopwe oxnMMaioxcfl ox aap^AB «MaxepMHCKoro» aneMenxa KaK b 
MeHbUjyio, xaK m b 6onbLijyK) cxopoHbi. 

OAHaKo Mew 6onbiue sap^A ^Aep MaxepMana MMiueHM, xbm Bbioie sepoflXHOCTb nonsne- 
m9\ cxaewnbHbix xpancypanoBbix (b xom MMcne. eaie hb MAeHXMc}3MUMpoBaHHbix) xmmmmbckmx 
aneweHXOB c axoMHbiMw MaccaMM 6onee 250 a.e.M. (a b oxAe/ibHbix, xpe6yK)mMX AonoriHM- 
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TenbHOM npoeepKM cnysaHX - flo 600 m 6ojiee a.e.M.). 

ripMcyrcTBue aroMOB c raKHMw waccaMU. nepsoHaManbHO o6Hapy>KeHHbix MeroflOM moh- 
HOM Macc-cneKTpoMeTpuM, sareM npoBepHJiM xopoiuo MSBecTHbiMM cneuMajincTaM no 9\f\epHO\A 
c|3M3MKe MeTOAaMi/1 o5paTHoro KynoHOBCKoro pacceflHMH anbctDa-MacTMU i/i npoTOHoe. 

Mano Toro, Ha ct)Mrypax 9, 11 m 13 hbho bmaho, mto KOHueHrpauuM cymecTseHHOM nacTM 
XMMMMecKMx anewieHTOB a npoAyKrax TpaHCMyraLinn cTaTMCTMMecKH flOCTOBepHO (6oJiee mbm b 
TpM paaa. a HeKOTopbix anewieHTOB - b 5-10 m 6onee paa) npeBbimawT mx HopManbHwe KOHueH- 
TpauMM B seMHOPi Kope (cm. BbifleneHHbie iSMHOcepbiM UBerowi nnoinafVA b MHTepaaJie 3HaMe- 
nm Y OT 0,5 flo 1,0). 3to flBHbiM oSpaaow CBMAerenbCTByeT o6 ncicyccTBeHHOM npoMcxo>KAe- 
HMM TaKMX npoAyKTOB nuKHOsviepHbix npoLieccoB. 

CxoAHbie peaynbTaTbi no nsMeHeHMK) anewieHTHoro m waoTonHoro cocTaaa 6bmi4 nonyMe- 
Hbi M B sKcnepMMeHTax c MMLueHHMM M3 paAMoaKTMBHoro Ko6ajibTa. OAHaKO B 3TMX cnyMaflx oc- 
HOBHoe BHMMaHwe 6bmo yAejieHo cHM>KeHMK) paAWoaKTMBHocTH B npoAyKTax pasnfiTa MMiiieHeii 
BcneACTBue TpaHCMyrauMn paAwoaKTMBHbix ha^p Ko6ajibTa b tbx nacTfix wiMiueHeR, KOTopbie 
nonaAanw b c|)OKanbHoe npocrpaHCTBO, b HepaAHoaicTMBHbie craewnbHbie wsoTonbi flpyrwx xm- 
MimecKiix 3JieMeHT0B. 

3x0 cHM>KeHMe B pasHbix o6pa3i4ax AOBOJibHO cymecTBeHHO pasnwHanocb, hto mo>kho 
o6-bflCHMTb pasnMMM^wiM B nJiOTHOCTM BKycTkiMecKoro KOHTaicra Me>KAy BHyrpeHHMMM creHKawiM 
noJiocreM b aHOAax-KOHueHxpaTopax m wiaxepnanoM BcxaBHbix MMUieHeM 7 (cm. b xaenwue 2 
Bbi5opicy AaHHbix m naSopaxopHoro >KypHana 3anBMxenfi). 

Ta6nMi4a 2 

CHM>KeHMe paAMoaKXMBHOCXM npoAyKXOB pasnexa Ko6anbxoBbix MMLueHSM 



Ho- 
Mepo6- 
pasqa 


CHM>KeHiie raw- 
Ma-^icmBHOcm, 
% 


HoMep 
o6pa3- 
Ma 


CHM>KBHMe rawi- 

Ma-aiCIVIBHOCTVI, 

% 


HoMep 
o6- 


CHii>KeHiie raM- 

Ma-€IKn/IBHOCTVI, 

% 


2397 


47.6 


2479 


2.2 


2588 


46.5 


2398 


10,7 


2481 


22.8 


2600 


33.3 


2425 


21 .6 


2534 


29,5 


2769 


28.9 


2426 


17.0 


2558 


22.9 


2770 


36.4 



fleiicxBuxenbHO. b pesyjibxaxe xpancMyxaLii/iw o6pa3ei4 Nfi2479 6bm Aesai^MBMpoaaH 
Bcero Ha 2,2%, xorAa kbk o6pa3Ubi N22397 \a N22588 yxpaxMJiM 6onee 45% aKXMBHOCxi/i. 

fla/iee, 6bino xomho ycxanoBneno, mxo pacnpeAeneHwe nsoxonoB b CKonneHUflx axoMOB 
Ka>KAoro M3 XMMMHecKMX ojieMeHXOB, BbWBJieHHbix B npoAyKrax nuKHOflA^PHbix npoLteccoB, cy- 
mecxaeHHO oxnwMaexcfl ox pacnpeAeneHWfl xex >Ke MSOXonoB b seMHofi Kope. 

HaM6onee apkmm npwMepoM pe3yjibxaxoB xaKoro poAa cny>KMx paanxenbHoe paannHwe 
MBMCAy HopMBJibHbiM pacnpeAenoHMeM MSOXonoB HMKen^ b npwpoAHbix o6pa3i4ax (ct)Mr.14) n b 
AByx CKonneHMJix axoMOB Hmen9\, Koxopbie 6bmM nonyneHbi nyxSM xpancMyxauMi/i msam (cf^wry- 
pbi 15 M 16). TaK, AO 70% Maccbi npwpoAHoro HMKenfl cocxaBjinex Msoxon Ni^®, a b npOAyKxax 



TpaHCMyrauiiM msam (c npeo6jiaAaHMeM b mmlughm naoxona Cu®^) aohh Ni^^ eABa npeBbicuna 
10%. AHanornMHO. aawieTHo (npaKTHHecKM BABoe) CHuannacb KOHLieHxpaunfl waoTona Ni^°, to- 
TAa KaK KOHi4eHTpai4Mfl Ni®^ pesKO Boapocna. 

M, HaKOHeq, «pkmm AOKaaarejibCTBOM yAapHoro oKarnfl BemecTBa ao cBepxnnoTHoro co- 
CTOJiHMJi cnocoSoM comacHO M3o5peTeHMK) cnyymr Bbi6poc m cfDOKanbHoro npocrpaHCTBa PBfl 
AOBOJibHo KpynHbix Ten, cjDopivia KOTopbix namjiAHo CBHAeTenbCTByeT o cyiAecTBOBaHnn b 3Tom 
npocTpaHCTBe ycnoBuCi aha KpaTKOBpeivieHHoro no9\BneH\A9\ no MeHbiueCi wepe aneiapoHHO- 
HAspHOM M, BecbMa BepoflTHo, aneicrpoHHo-HyKnoHHOM nnasMbi. 

TaK. Ha c{DMr.17 Ha c|DOHe MeAHoro oKpana BMAHa no cymecTBy >Kene3Hafl noJiyc(iDepa. ko- 
Topan coAep>KMT 93% Fe no Macce c npuMecfuvm msotohob KpewiHH^? m mbrvi. 

OMesMAHO. 3Ta nonyccj^epa s\BmeTC^ oSnoMKOM cc}3epMMecKoro Tena, KOTopoe o5pa3o- 
aanocb ms cyiAecTeeHHOM hbctm uenbHoro MeAHoro anoAa-KOHLieHTpaTopa 6 (o6pa3eL4 N24908 
B cooTBeTCTBMM c Jia6opaTopHbiM >KypHanoM aayiBMTenji). Ona nwieeT BHeLUHMM AnarwieTp oKono 
95 MKM M BHyTpeHHiOK) npaKTMMecioi KOHueHTpuMHyio ccJjepuMecKyK) nonocTb A^iaweTpoM OKono 
35 MKM. HepoBHOCTM HB 6onbiJLjeii MacTM KonbueBoro Topua nonyc(|3epbi cBfisaHbi c pacKonoM 
MCXOAHoii cc3peph\. 

HeTpyAHo npeAnono>KMTb, mto b SKcnepwiweHTe c o6pa3i40M Ns4908 qeHTp cfjOKanbHoro 
npocTpancTBa aneicrpoHHoro nywKa npaicTMMecKM coBnan c ueHTpoM KpuBHSHbi wiMiueHM. B stom 
cnyMae cojiMTOHonoAo6Hbi{i nwinynbc nnoTHocxM caMoctDOKycupoBancfl e o6"bSMe, KOTopbiw b 
onucaHHOM npoAyKre npeACTaanen ccjDepuMecKOii nonocTbio. 

npoMbiLuneHHaf! npuMeHUMOcmb 

npeAno>KeHHoe ycTpoMcrso pj}9\ yAapHoro cMBjm aeuLiecTBa mokgt 6bn"b peannaoBaHo c 
McnonbsoBaHMeM AOCTynHbix Ha pbiHKe KOMnneicTyK>Lijiiix i/iSAenifiA, a Ha ocHoee npeAno>KeHHoro 
cnoco6a MoryT 6biTb paspaSoTanbi m ocyuJiecTBneHbi BbicoKOSKOHOMMHHbie m aKonornMecKM 
eesonacHbie TexHononmecKne npoLieccbi: 

BO-nepBbix, cMHTesa CTa6MnbHbix xpaHcypanoBbix XMwiMHecKMX aneMeHTOB, hto npesBbi- 
MaMHo Ba>fCHO AHfi pacLunpeHMH sHaHni) o npkipoAe; 

Bo-BTopbix, rpaHCMyTBLiMM ^Rep M3BecTHbix xwMMMecKMX oneMeHTOB 3KcnepMMeH- 
TanbHoro nonyMeHMfl mx craewnbHbix naoTonoB i4 a^h o6e3Bpe>KMBaHM5i paAHoaKTMBHbix wiaTe- 
pnanoB (BKnioMafi OTXOAbi aTOMHOft snepreTHKM), coAep>KaLUMX Aonro^KMBymne paAMoaKTMBHbie 

M30T0nbi; M, 

B-TpeTbMx. MHepiiManbHoro TepMOflAepHoro cuiHTeaa c npuMeneHneM b KaMecTBe Tonnwaa 
ujupoKO pacnpocrpaHeHHbix b npupoAe xwMMHecKnx aneweHTOB m mx KOMnosnuMM. 



no AOBepeHHOCTM 




B, KyLieBMM 
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OOPMYJIA H305PETEHM5R 

1. Cnoco5 yflapHoro oKarnfj eemecTBa c McnonbsoBaHneM penaTMBMCTCKoro BaKyyMHoro 
flMOfta (PBfl), KOTopbiM MMeer ocecuMMeTpuMHbie BaKyyMHyjo KaMepy c a/ieKrponpoBOAHWMM 
creHKaMM, nnaaMeHHbiCi KaroA m aHOfl-KOHueHTparop, BioiKDHaroiMMii: 

MsroTOBneHne MHiueHM b BMAe ocecMMMerpi/mHOM /\eranv\ m3 KOHAeHcupoeaHHoro eeme- 
cTsa, KOTopan cny>KMT no MeHbiueM r/iepe MacTbio aHOAa-KOHLteHTparopa, 

ycraHOBKy aHOAa-KOHLieHTparopa b PBfl c aaaopoM oTHOCi/ijenbHO nnaaweHHoro icaTOAa 
npaicrumecKi^ hb oahom c hmm reoMerpuiMecKOii ocii i/i 

MMnyjibCHbiCi paap^A MCTOMHUKa nwraHMfi hb PBfl a pe>KMMe cawiocjDOKycuposKM aneK- 
xpoHHoro nyHKa Ha nosepxHocTH aHOAa-KOHLieHTparopa, 

OTiiimaioii(iiMCH TeM, mto 

McnonbsyjOT ocecMMMexpMMHbiii nnaawieHHbiK KaroA b bma© aneicrponpoBOAHoro CTep>KHfi 
c TopMeBbiM AwaneKTpuMecKMM aneMeHTOM, y KOToporo nepuMerp saAHero ropua no weHbiueft 
Mepe B nnocKocTM, nepneHAMKynnpHoti ocm cMMMeTpi/iM KaxoAa b uenoM, oxBaTbiBaer nepn- 
Merp yKasBHHoro CTep>KHfl c HenpepwBHbiM aaaopowi, a nnoiAaAb aMMTupyjomefi noBepxHOcrw 
npesbiLuaeT MBKCMManbHyK) nnooiBAb nonepeMHoro ceMeHMfl aHOAa-KOHLieHrpaTopa. 

aHOA-KOHqeHTparop ycTaHBBJiMBaiOT c TaKwwi aaaopoM OTHOCMTejibHO nnasMeHHoro kbto- 
AB, npM KOTopoM ueHTp KpuBMSHbi paSoMeft noBepxHOCTM BHOAB-KOHueHTpBTopa pacnono>KeH 
BHyrpn c{)OKanbHoro npocTpaHCTBa KonneiaMBHO caMo4)OKycMpyioiJ4eroc« aneiapoHHoro nyMKa, 

\n BOSAetiGTByiOT hb BHOA-KOHLieHTparop aneicrpoHHbiM nyMKOM c aHepmeR aneicrpoHOB He 
Menee 0,2 MaB, njioTHOCTbio TOKa He wieHee 10® A/cwi^ m AJiMxejibHOCTbio ne 6onee 100 hc. 

2. Cnoco6 no n.1, oTnMMaioiMMflcH rew, mto b cocraBe PBfl McnonbsyioT ocecMMMerpMH- 
HbiM njiasMeHMbiM kbtoa, y KOToporo ajieicrponpoBOAHbiM CTep>KeHb aaocrpSH, a TopueBOM am- 
aneKTpMHecKMM aneMeHX Mwieer OTBepcTMe A^fl hbcbakm Ha yKaaannbifi CTep>KeHb, nocBAOMHaa 
HacTb KOToporo BMecre c ocrpuSM naxoAMTCfl BHyrpn yKaaannoro OTBepcrnfl. 

3. CnocoS no n.1, oTJiimaioiitMflcsi rerw, mto MMiueHb (JjopwiMpyjOT b bma© BcrraBKH b i\eH- 
TpanbHyjo MacTb BHOAa-KOHueHTpaTopa PBfl, AwawieTp KOTopoM BbiewpaioT b npsAenax ot 0.05 
AO 0.2 MaKCMManbHoro nonepeMHoro paawiepa dmax BHOAa-KOHueHTpaTopa. 

4. Cnoco6 no n.1, OTJiMHaioiitiiiicsi Tew, mto no MeHbLuew R/iepe toW mbctm anoAa- 
KOHLteHTpaTopa. KOTopaa oepainena k njiaaMeHHOwiy kbtoay, nepeA ycTaHOBKofi b PBfl npnAa- 
(OT c4)epoMAanbHyto ct^opiuiy. 

5. Cnoco6 no n.3, oTJiimaioii(iiiic5i Tewi, mto MMiueHb c|3opMMpyioT b bma© cclDepoMAanb- 
Horo Tena, KOTopoe nnoTHO ct^MKCwpyiOT snyTpn aKOAa-KOHueHTpaTopa tbioim oOpaaoM, mto 
UeHTpbi BHyTpeHHero m BHeoinero ccjDepoMAOB npaicrMMecKM coBnaAaioT. 

6. Cnoco6 no n.1, OTjiimaioiuiiiicn Tew. mto hb anoA-KOHueHTpaTop BoaAeftcTayioT ansK- 
TpoHHbiM nyMKOM c aHeprMBM aneicrpoHOB ao 1.5 MaB, nnoTHOCTbK) tokb hb 6onee 10® A/cm^ m 
AnMTejibHOCTbK) He 6onee 50 ho. 

7. CnocoB no n.6, OTJiMHaioiMiiffcsi Teiyi. mto nxioTHOCTb tokb b aneKTpoHHOM nyMKe ne 
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npeBbiLuaer 10^ A/cm^ 

8. Cnoco6 no n.1, oTJiimaioiuMMCfi rew, mto ocTaroHHoe AaBJieHi/ie b saKyyiviHOM KaMepe 
PBfl noflAep>KMBaK)T Ha ypoBHe ne Qonee 0,1 fla. 

9. YcTpoMCTBO A^H yflapHoro oKarm BeiuecTaa Ha ocHOBe PBfl, MMeJOoiee: 

npoHHbiM raaoHenpoHMuaeMbiM Kopnyc, MacTb KOToporo naroTOBneHa na aneKxponpoBOA- 
Horo Marepi/iana, BbinonHena ocecMMMerpMHHOM m orpaHUHMBaer BaKyyMHyra Kawiepy, m 

ycraHOBneHHbie b BaKyyMHoCi KaMepe c aaaopoM npaicnmecKM Ha oahom reoMexpuMecKoii 
ocM ocecMMMexpMHHbie nnasMeHHbiM KaxoA m aHOA-KOHLieHTpaxop. m Koxopbix no MeHbiuei^ 
Mepe KaxoA noAKHJOMen k MMnyxibCHOwy BbicoKOBonbXHOMy ncxoHHUKy nnxann^, 

0TJii4HaK>tMeec5i xewi, hxo 

nnasMeHHbiCi KaxoA Bbinonnen b BHAe aneKxponpoBOAHoro cxep>KHn c ropLieBbiM AwansK- 
xpuHecKMM aneMenxoM, y Koxoporo nepuwexp saAHero xopua no MeHbiueM iwiepe b nnocKOCXW, 
nepneHAMKynyipHOM ocm cuMMexpnw KaxoAa, oxaaxbisaex nepuMexp yKaaaHHoro cxep>KH« c ne- 
npepbiBHbiM aaaopoM, a nnou^aAb sMUxupyiomeM noBepxHOcro npeBbimaex MaKCHManbHyio 
nnomaflb nonepeMHoro ceHeHV\9\ anoAa-KOHiieHxpaxopa, 

no MeHbiueM wepe oamh m aneKxpoAOB PBfl cHa6>KeH cpeACXBOM perynnpoBaHMfi Me>K3- 
xieKxpoAHoro sasopa, a 

paccxoHHi/ie ox o6u4eft reoMexpuMecKOM ocm yKaaaHHbix nnaawieHHoro KaxoAa m anoAa- 
KOHLieHxpaxopa ao BHyxpeHHefi cxopoHbi aneicrponpoBOAHofi cxshkm BaKyyMHoft Kawepbi npe- 
Bbiiuaex 50c//nax TAe dmax - MaKCMManbHbift nonepeMHbiCi pasMep aHOAa-KOHuenxpaxopa 

10. YcxpOMcxBO no n.9, oxjiMHaK)iueecyi xeM, mxo aneKxponposoAHbiM cxepKeHb nnaa- 
MeHHoro KaxoAa aaocxpen, a xopueBOM RmneKvprnecmiA anewieHX nivieex oxsepcxne pj\9i Ha- 
CBAKM Ha yKaaaHHbiM cxep>KeHb, nocaAOMHa^i nacxb KOXoporo sMecxe c ocxpuSwi naxoAMXc^i 
BHyxpn yKaaaHHoro oxBepcxwa. 

11. YcxpoMCXBo no n.9, OTnimaioujieecsi xewi, mxo aHOA-KOHuenxpaxop Mweex Kpymyio b 
nonepeMHOM ceHeHMn cjDopMy m MenwKOM Bbino/iHeH M3 sjieKxponpoBOAHoro b ochobhom Macce 
MaxepMana, noAne>Kau4ero xpaHCMyxaL4tiii. 

12. YcxpoMcxBO no n.9, OTJiMsaioiMeecsi xewi. hxo aHOA-KOHiienxpaxop BbinonHen cocxas- 
HbiM M BKnKJMaex no MeHbiueM wiepe OAHOcnoMHyK) xaepAyio o6oJioMKy u nnoxHO oxBaneHHyio 
axoti o6onoMKoii BCxaBHyjo wiwiueHb b BHAe xena BpamsHMfl, Koxopa^ MaroxoBnena m3 npoM3- 
BonbHoro KOHAeHcupoBaHHoro waxepwana m Mwieex Awaiwexp, Bbi6paHHbi{i b npeAenax (0,05- 
0,2)*c//nax, TAB dmax - MaKCMManbHbiM nonepeMHbiM paawiep anoAa-KOHiieHxpaxopa. 

13. YcxpoMCXBO no n.9, oxnMHaiomeec5i xewi, mxo b XBOCxosoii mbcxm anoAa- 
KOHLieHxpaxopa ycxaHOBJieH no MeHbiuew Mepe oamh oKpan na npeAnoMXMxexibHO sneKxponpo- 
BOAHoro Maxepnana. 

14. YcxpoMcxBo no n.1 3, oxjitmaioiMeecH xeM. mxo yKaaaHHbiw sKpan BbinonHeH b bmab 
xoHKOcxeHHoro xena spaiueHMfl, A^aMexp Koxoporo cocxaBn^ex ne Menee Sdmax m Koxopoe 
yAaneHo ox SnuKawmero k nnaaMennoMy KaxoAy Topua axoro anoAa Ha paccxonHHe ao 




20dmax, TA© c//„ax - yKaaaHHbiM MaKCMManbHbiM nonepeMHbiM pasMep aHOAa-KOHueHTpaTopa. 

15. YcTpoMCTBO no n.14, OTiiMMaioiMeecH rew, hto yKaaaHHoe TOHKocxeHHoe xeJio epa- 
meHMJi CO cTopoHbi aHOAa-KOHueHTpaxopa nMeex nnocKyK) nnn Bomyxyio nosepxHocxb. 

16. OcecMMMexpMMHbM nna3MeHHbiM kbxoa Ana PBA, MWieiomwM aneKxponpoeoAHbiw 
cxep>KeHb A^H noAKHioMeHMH k HMnynbCHOMy BbicoKOBOJibXHOwiy ncxoHHi/iKy nnxaHMJi m xopue- 
BOM AM3/ieicxpMMecKMM ajieMeHx. oTxiMMaiomMwcw xeM, Mxo no MeHbinew wiepe b nnocKocxM, 
nepneHAMKyjiHpHOM ocm cMMwexpuM KaxoAa, nepuMexp saAHero xopua AWOJieKxpuMecKoro one- 
MeHxa oxBaxbiBaex nepuwiexp yKaaaHHoro cxep>KHfl c HenpepbiBHbiwi aaaopoM. 

17. KaxoA no n.16, ornMHaiomiiMCSi xew, hxo ero aneKxponpoBOAHbiR cxep>KeHb aaocx- 
peH. a xopueBOM ftyioneKrpmecmvi anewieHX Mwieex oxsepcxwe A^n HacaAKH Ha yKasaHHbii^ 
cxep>KeHb, nocaAOHHafl Macxb Koxoporo Bwiecxe c ocxpnewi HaxoAMXCfi BHyxpw yKaaaHHoro ox- 
Bepcxi/iH. 

18. KaxoA no n.17, oTnimaioutMffcn xewi. mxo xopMesoft p/A3neKTpv\^ecmih anewteHx Mwe- 
ex rnyxoe oxBepcrne. 

19. KaxoA no n.17. OTjriif4aioii(iiMcsi xew, hxo xopueaoiS jvAoneKvprnecmih sneMGHX wwie- 
ex CKB03Hoe oxsepcxwe. 

20. KaxoA no n.16, oxjiMMaiou(MMCfi xew, hxo xopueBoft fvnQneKjpmecmvi a/iewieHX wsro- 
xcBJieH M3 waxepwana, Bbi6paHHoro na rpynnw, cocxoHLuew m Kap6oi4enHbix nojiMWiepoB c oam- 
HapHbiMM ymepoA-ymepoAHbiMM cBJisfiMM, KowinoanuMOHHbix wiaxepnajioB c opraHMHecKMMi/i 
CBfiayiomMMM xnna rexMHaKca i/inn xeKCXonMxa, 36eHOBOM ApeBecMHbi. npupoAHoiS wnn cnHxe- 
xMHecKOM cnioAbi, Hucxbix OKCMAOB MexajinoB lll-VII rpynn nepwoAMHecKOM CMCxewibi a/iewieHXOB 
MeHAeneesa, HeopraHUHecKMX cxeKon, cMxannoB, Bo()noKa M3 6a3anbxoBoro BonoKHa m Kepa- 
MMHecKMX A^3-neKxpMK0B. 

21. KaxoA no n.16, i/inw n.17, mjim n.18, oTSivmamtmihcsi xeM, hxo xopueBOW m^^^^P^' 
HecKMft aneweHX HMeex pa3BiixyK) nosepxHocxb. 

22. KaxoA no n.16, v\m n.17, OTJiimaioutiiMM xewi, hxo wiMHMManbHbM nonepeHHbiw pas- 
wiep yKa3aHHoro /VAonevrpmecKoro onewieHxa Cdo muh = (^10)*Coc mbkc, a AnwHa axoro ane- 
wieHxa /aa = (10-20)*Csc mskc^ tab CocManc - wiaKCMManbHbii* nonepeHHbifi pa3Mep anenxponpo- 
BOAHoro cxep>KHfl. 
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PEOEPAT 

CnOCOB yflAPHOrO C>KATM5R BELUECTBA b ocecMMMerpMMHbix penflTMBMCTCKMx sa- 
KyyMHbix AMOAax (PBfl) c n/iasMeHHbiM KaroAOM m aHOAOM-KOHL^eHTparopoM BKntowaeT Msro- 
TOBJieHne ocecMMMerpuMHoii MMiueHM m KOHAeHcupoBaHHoro semecTBa, KOTopan cnyjKnr no 
MeHbiueM Mepe wacTbio aHOAa-KOHLjeHTpaTopa, coocHoe pasMeuieHne yicaaaHHbix a/ieicrpoAOB 
M MMnyjibCHbift paapyjA McroMHUKa nnxaHiin hb PBfl. flnn OKarnfl cymecTBeHHoCi Macro Beiuecr- 
aa MMLueHM ao CBepxnnoTHoro coctojihiw ncnojibayrar n/iasMeHHbiM KaxoA b bmao aneiaponpo- 
BOAHoro crepjKHa c TopuieabiM AMsneiapMHecKMM aneMeHTOM. y KOToporo nepuMerp aaAHero 
Topua B nnocKocTO, nepneHAMKyjinpHoW ocm CMMMerpuM, oxaaTbiBaer nepidwierp CTep>KH« c He- 
npepbiBHbiM aasopoM, a nnouiaflb oMMropyiomei* noaepxHOCTM npeBbiiuaeT MaKcuwanbHyK) 
nnomaAb nonepewHoro ceMeHMa aHOAa-KOHueHTparopa, aHOA-KOHMeHrparop ycraHaBJinBaiOT 
OTHocMTejibHo n/iasMeHHoro KaroAa tbk. hto qeHrp KpuBkisHbi paeoMeii noBepxHocro aHOAa- 
KOHueHTparopa pacnojio>i«H BHyrpw c})OKanbHoro npocrpaHCTBa KomieicniBHo caMo4}OKycM- 
pyiomerocfl sjieiorpoHHoro nyMKa, m BosAeCicTBytoT Ha aHOA-koHMeHTparop a/ieiapoHHbiM nyn- 
KOM c OHepmeft aneiapoHOB He luienee 0.2 MaB. njioTHOcTbio tokb ne Menee 10® A/cm* w ahm- 
TenbHOCTbto He 6ojiee 100 hc. 

yCTPOCICTBO Ha ocHOBe PBfl m nJlA3MEHHblC^ KATOfl fWi ocymecTaneHMH cnoco6a. 

3 H.n.ct).; 19 a.n.c}).; 17 vin.; ((fJHrl). 



